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PREFACE

This Memorandum, part of Rand's research on the use of airpower in support

of ground operations, is one of a series of sLudies concerned with the predic-

tion of damage to a single or multiple targets. Aspects of the target-weapon

relationship, target-weapon errors, and the coverage problem were considered in

RM-4566-PR. FAST-VAL: A Theoretical Approach to Some General Target Coverage

Foobleiw, March 1966 (For Official Use Only); the computer program, originally

designed to compute inputs to the Rand FAST-VAL (Forward Air Strike Evaluation)

simulation model, was described in a companion study, RM-4567 -PR, FAS'-VAL: Target

Coveroge Model, March 1966 (For Official Use Only).

From the point of view of production computations, however, the target cover-

age program had two serious limitations: the length of computer time required to

make the computations, and dependence of preeision on the size of the integration

cell, which in turn depends on the machine capacity available. To alleviate these

problems, a model was designed that replaced the empirical damage function used

in the general model with a simpler and far leas time-consuming analytic expression.

The results of this work were described in an interim reference report, RM-5152-PR,

A SimpZlified Target Coverage Model, November 1967 (For Official Use Only). As these

results have been incorporated in the present study, RM-5152-PR has been withdrawn

and replaced by this Memorandum.

Thh work af simplification continues with the present study, which describes

a model that is sufficiently broad to cover almost all problems that arise in the

field of nonnuclear weapons evaluation and a machine program that is designed to

make covera3e computations for some of the problems considered in R4-4567-PR in a

fraction of the time previously needed. Without materially reducing the accuracy

of the answers, the computer time required for some problems has been reduced by

as much atj a factor of 100.

Aftcr continued use of the model at Pand and at the Air Force Armament Labo-

ratory, further refinements to the program to make it more efficient both as to
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time and accuracy were deemed desirable. An improved method for determining the

integration step size was implemented with a considerable increase in performance.

The method of fiti:ing an empirical. bomblet distribution to an analytical distri-

bution used in the program has been changed so that any smoothing necessary in

irregular data is done by the machine rather than by the user, thus avoidLng possi-

ble input errors. The process of using a multiple wing station configuration was

also simplified. A direct input is now provided for the numbers of wing stations

and the numbers of weapons per impulse per station.

2



-V-

SUMMARY

Two restrictions permit a simplification of the target coverage model and com-

puter program descriLed in FAST-VAL: A Theoretical Approach to Some Ceneral Target

Coverage Problems LI] and in FAST-VAL: Target Coverage Model 121. Me problems

are restricted to the case of a gaussian aiming error distribution and a rectangu-

lar target area (uniform distribution of the target elements in the area). As a

result It is possible to reduce the coverage computations to two stages, each in-

volving a double integration, in cont.-ast to the three stages required in the

original model. The second restriction concerns both the assumed form of the

damage function and the ballistic error distributior,. It is necessary that (1)

the damage function be an analytic function, rather than an empirical function;

(2) the ballistic error distribution be one of three types: gaussian, uniform,

or stick type; and (3) the damage function b2 integrable in a closed form with re-

spect to the ballistic error distribution. Under these restrictions, the coverage

computations are reduced to a single stage, involving only one double integration.

For some cases, it is possible to reduce the problem to a summation of functions

in close- form with no integration necessary.

Two types of damage functions are considered, corresponding to two different

types of weapon-target effects: a fragment-sensitive target, or one in which the

major damage mechanism is due to fragments rather than to a direct impact by the

weapon; and an impact-sensitive target, or one for which there is a definite geo.-

metric figure that must be impacted by the weapon. For the fragment-sensitive

target, the empirical function that 1i usually obtained from a computer program

using fragmentation data is replaced by an analytic function, the "gaussian damage

function," fitted through the choice of three parameters. For an impact-sensitive

target, it is assumed that the target element is P rectangle, and that there 4 a

fixed probability of damage, given a hit on the element. Under these assumptions,

the damage function is exact.

Stick distribution is defined in App. S.
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The two types of damage function, the aiming and ballistic error distributions,

and the basic coverage relation are considered in turn, and the expected coverage

K(X,Y) is expressed as one dt-tf .' I-.egration in terms of the damage function and

the various forms of 'he iiing and ballistic error distribution. For various

coverage problems that occur in practice, art explicit expression for the coverage

is derived in terms of the pertinent parameters. The set of formulas developed

for the coverage functiorr provides an answer to the weapon-target effectiveness

problem that corresponds to most of the current weapon delivery systems.

The FORTRAN program -omputes numerical answers for each of the target coverage

problems. The output of the program is the particular value of K depending on the

parameters considered, such as aiming errors ballistic errors, spacing, and weapon-

target effectiveness Indices.

C
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1. INTRODUCTION

A number of general target coverage problems were considered in FAST-VAL: A

Theoretical Approach [1J. The companion report, FAST-VAL: Target Coverage Model

[2] presents a machine program designed to make coverage computations for some of

the problems forimlated in Ref. 1. However, from the point of view of production

computations, the target coverage program described in Ref. 1 and Ref. 2 suffers

from two serious drawbacks: lengthy computation time and dependence of precision

on integration step cell size. In some cases a single problem may require 20 min-

utes of computer time, and the cell size used is usually limited by the memory

capacity of the machine as well as the time element in computation. To alleviate

these problems, a model was Oesigned that replaced the empirical damage funcLioa

used in the general model with a simpler and far less time-consuming analytic ex-

pression. The results of this work are described in Ref. 3, A Simplified Ta:'get

Coverage Model, and have been incorporated in the present study.

Continuing the work of simplification, the present stidy describes a machine

program designed to make coverage computations for some of the problems considered

in Ref. 2 in a fraction of the time previously needed. The program in Ref. 2 ac-

complishes the coverage computations in three stages, each involving a double in-

tegration. In contrast, this study restricts the problems to the case of a gaussian

aiming error distribution and a rectangular target area (uniform distribution of

the target elements In the ares). As a result, it is possible to reduce the cover-

age computations to two stages, each involving a double integration. For most

problems, these restrictions are acceptable, and assumptions of a gaussian aiming

error distribution and of a rectangular target area are usually valid. The second

simplification in this study concerns both the assumed foim of the damage function

and the ballistic error distribution. It is necessary that (1) the damage function

be an analytic function, rather than an empirical function; (2) the ballistic error

Reference 3 will be withdrawn and replaced by this Memorandum.
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distribution be one _aree,types: Saussian, uniform, or stick type, and (3) the

damage function be integrable in closed form with respect to the ballistic error

distribution. Under these restrictions, the coverage zomputations are reduced to

a single stage, involving only one double integration. For some cases it is pos-

sible to reduce the problem to a summation of functions in closed form with no

integiation necessary.

Two types of damage functions are considered, corresponding to two different

types of weapon-tdrget effects: a fragment-sensitive target and an impact-sensitive

target. For the iragment-sensitive target, the damage function used in the program

in Ref. 2 is an empirical function that is usually obtained from a computer pro-

gram using the fragmentation data (size, velocity, and distribution of fragments)

from arena tests. The simplification used here is to replace this matrix function

with an analytic function, the "gaussitu domage function" [1], fitted through the

choice of three parameters. The form of this function fits most of the empirical

nonnuclear weapon-effects tables very well. The use of this function is not new.

it has been used in work at Sandia Corporation, where it is called the "casualty

function." A Ballistic Research Laboratories report [4] considered the function

for the special case of an elliptical target. Current work both at the StrategIc

Air Command and the Naval Weapons Laboratory has involved use of this function.

It also occurs naturally as an approximation to the circular coverage function,

where it has been referred to as the "Carleton" approximazion. In other uses, it

has been called the "Carleton" function.

For an impact-sensitive target, i.e., one for which there is a definite geo-

metric figure that must be impacted by the weapon, it is assumed that the target

element is a rectangle, and that there is a fixed probabiity of damage, given a

hit on the element. Under these assumptions, the damage function is exact, i.e.,

the same as would be used in the program of Ref. 2.

Section 2, "Basic Functions," considers in turn the two types of damage func-

tions, thi aiming and ballistic error distributious to be used and the basic cover-

age relation, which expresses the expected coverage K(X,Y) as one double integration
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in terms of the damage function and the varioun forms of the aiming and ballistic

error distributions.

Sections 3 and 4 consider various covervge problems that occur in practice.

For each of these, there is derived in explicit expression for the coverage K(X,Y)

in terms of the pertinent parameters. Section 3 examines the ripple delivery of

weapons with gaussian disribution of both the ballistic and aiming errors (air

delivered bombs). Included is one case of an elliptical target area for a fragment-

sensitive target, since the methods used here are applicable to this case. Various

types of dispenser delivery of weapons are considered in Sec. 4. Section 4.1 dis-

cusses deliveries for fi:ted dispensers such as the SUU-7 and SUU-14 (CBU-1, 2, 3,

7, etc.). For these cases, the ballistic distribution in range is usually avail-

able as a table obtained from test data and is fed into the model of Ref. 1 in

this form. For use in the model in chis Memorandum, this empirical distribution

is fitted by a stick distribution through the use of two parameters. Section 4.2

considers the case of a ripple of dispensers, released from the carrier, each of

which spreads its subweapons uniformly over a rectangular pattern (Hayes dispenser).

A ripple of dispensers, released from the carrier, each of which spraads its sub-

weapons uniformly over an ellipse (Rock-eye), is described in Sec. 4.3. Section

4.4 examines the same case for cispensers that spread their subweapons uniformly

over an elliptical annulus (self-dispersing subweapons, such as the CBU-24).

Sections 3 and 4 thus derive a set of formulas for the coverage function

K(X,Y) that provide the answer to the weapon-target effectiveness problem corre-

sponding to most of the current weapon delivery systems. Section 5 describes a

machine program that computes numerical answeru for each of these problems. The

output of the machine program is the particular value of K depending on the param-

eters considered (aiming errors, ballistic errors, spacing, weapon-target effec-

tiveness indices, etc.) and is designated by X(j), where j is an index that desig-

nates the particular type of problem: X(l), X(ll), X(5), and X(15) are answers

to the problems considered in Sec. 3, air-delivered bombs; X(2), X(12), X(3),

[ _. . . . . . . . . w . . . . •. m q m I m N
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X(13), X(4), and X(14) are answers to the problems in Sec. 4.1, deliveries from

fixed dispensers; X(103), X(104), X(105), and X(106) are answers to problems in

Sec. 4.2, dispensers with a uniform pattern over a rectangle; X(107), X(108), and

X(109) are answers to problems in Sec. 4.3, dispensers with a uniform pattern over

an ellipse; X(1O0), X(1OI), X(102), X(11O), X(Ill), and X(112) are answers to prob-

lems considered in Sec. 4.4, dispensers with a uniform pattern over an annulus.

Each pertinent formula in Secs. 3 and 4 is designated by the proper X designation

to correlate it with the corresponding computer output.

Section 5, a description of the machine program, was planned for the person

interested only in running the program and can be used witbout necessarily refer-

ring to the previous sections. Thus, some description of the various problems

considered in Secs. 3 and 4 is repeated.
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2. BASIC FUNCTIONS

2.1. DAMAGE FUNCTIONS

We will be concerned with two types of damage functions, depending on the

weapon-target damage mechanism: (1) a fragment-sensitive target and (2) an impact-

sensitive target with a defined area In which a hit is necessary for damage, i.e.,

the probability of damage if hit, p , may be less than 1.

2.1.1. Frasment-sensitive Gau3sian Dnmage Functicn

As the name implies, a fragment-sensitive weapon-target case is one in which

the major damage mechanism is due to fragments rather than to a direct impact by

the weapon. In general, the damage function will be computed in matrix form. We

will assume the form of the damage function to be

(2.1)1 2 (1 R2(2)1/ .% D

where D(x,y) In the probability that a target element at (x,y) is "killed" (damaged

at least to a specified degree), and R(1), R(2), and Do are parameters to be ob-

tained from empirical data.

In Ref. 1, Sec. 1.6.3, certain parameters are discussed that may be used to

characterize a damage function. The weapon radius R is defined as

R 2

Using (2.1), we find that

(2.2) R2 -R(I)R(2).

Along any ray 0, the meAn square radial damage distance 2(e) is, if (2.1) is used,

~I
(2.3) v'(e)=2JD(v cosee sinX)dr

1

X2(O)
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where

X2 (0)cs 2 0 n 2

R2 (0) R'(2)

Letting 0=0 and 0=900, we find that

R2 (1)= 2xD(x,O)dz'r2 (00),
0o

(2.4)

R2 (2)=0 2yD(Oy)dy-r2(900).

Thus, R(1) and R(2) in (2.1) are simply the mean square radial damage distances

along the x and y axes, respectively.

Considering the mean radial damage distance F(O) and using (2.1), we obtain

(2.5) F(e)-fD(r cosO,r sin)dr,

=2X--e"

1'o

The relative damage variance r2(e) is

r2(e)

(2.6)

thus, we can view the three parameters in (2.1) as the triplet [R(1),5(2),E.,

where R(M) and R(2) are the mean square radial distances along the x and y axes,

and E2 is the relative damage variance. Instead of R(1) and R(2), we can use R

and p, considering the triplet (R,P,E), where
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R2 -R(1)R(2),

(2.7)

R(1)

The parameter R is the weapon radius as in (2.2). Th, fanction D is an elliptic

damage function in that constant probability contours are all ellipses with the

same eccentricity, I/R - )/R2(2). The parameter P thus characterizes the eccen-

tricity of the ellipses, i.e., the eccentricity is equal to iT7. The parameter

E characterizes the spread or dispersion of the damage function.

2.1.2. Impact-sensitive Damage Function

We define an impact-sensitive target to be one for which there is a definite

geometric tigure that must be impacted by the weapon or subweapon; i.e., there is a

pdk, the probability of damage if hit, that may be less than I. In general, we will

use a rectangle of half dimensions B(1) and B(2). The damage function D is thus

(2.8) D(x,y)-pdka (x,B(l))a y,B(2)),

where a(x,B) is the cookie-cutter function

(2.9) *(x,B)-l if -Bsx5B

-0 otherwise.

We will consider x to be the range direction and y to be the deflection direction.

In this study, odd subscripts will refer to dimensions in the x direction and even

subscripts to dimensions in the y direction.

2.2. DELIVERY ERRORS

In general, we shall consider the case of multiple delivery of weapons. Each

weapon Is assumed to be subject to a ballistic error in range and deflection, ex-

pressed by a distribution function T(x,y), independent of the other weapons. The

whole delivery is considered to be subject to aiming errors in range and deflection,

expressed by another distribution function.
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2.2.1. Aiming Error Distributions

We shall confine our attention to the case of the aiming error distribution

having the form of a noncorrelated bivariate gaussian, i.e.,

(2.10) Prob(x:SX,y:SY)= _x Y exp -i =2 d___\ __

where t() and t(2) are the standard deviations In the x and y directions, respec-

Lively. For convenience, we define the linear gaussian distribution G(X) and its

density function g(X)=G'kX) as follows:

x 2

(2.11)

exp (-x2 /2)

Thus, Eq. (2.10) can be written as

(2.12) Prob(x!5X,Y:5V>.G tI )G( I 2))

If we wish to use REP (range probable error) and DEP (deflection probable error),

the relations between them and the standard deviations are

REP-.6744t(l),

(2.13)

DEP=.6744t(2).

Further, if ti)t(2)=t, CEP (circular probable error) is given by

(2.14) CEP-1.1774t-1.7459REP.

2.2.2. Ballistic Error Distributions

We shall assume that the ballistic errors are independent in the x and y

directions. Therefore, the ballistic error distribution P(X,Y) is of the form

T(X,Y)TI(X)MT2(y). We shall consider three types of linear ballistic error dis-

tributions: gaussian, uniform, and stick. /
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a ussan Ballistic rror. As for the aiming error, we assume for the

Sfirst ballistic error a linear gaussian error distribution, i.e.,

(2.15)
2 (y),

If the errors are Saussian in both directions, we have

(2.16) T(XY)a.G( 1 6( Y.)

b. Uniform Ballistic Error. For the second ballistic error, we assume a

uniform distribution, i.e.,

X

(%2.17) TI ( (xL)dx

where u(xL) is defined in (2.9). A similar expression holds in the y direction.

c. Stick Ballistic Error. A third type of ballist~c error is the so-called

stick type, which is a combination of a uniform and a gaussian distribution, dis-

cussed in App. B. As given in (M), we have

(2. X

wher2

R(X,L)=. h(xL)dx,

(2.19)
I 

L

If Lemma 3 in App. D is used, the function q(X,L) can be evaluated, for LsO, as

(2,20) H(X,L)-(X+L)G(X+L)-(X-L)G(X-L)+g(X+L)-g(X-L),

where G(X) and g(X) are defined in (2.11),
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We note the following limits for h and H:

L40O a 8

nih(x/8,L/B) a(F,L)
8-b0 2L

(2.21)

L-*0  a 8 8

oL2L

2.3. THE BASIC COVERAGE RELATIONS

Define X(X,Y) as the fractional coverage to a target area with center at (X,Y)

inflicted by a pattern of weapons subject to a g.ussian aiming error with standard

deviations t(1) and t(2). The pattern damage function D P(u,v) is the kill prob-

ability to a target element at (u,v) if the center of the pattern is at (0,0).

The function D (u,v) depends on the specific problem and will be determined for

each case.

Define X p(u,v) as the point target kill probability to a target element at

(uV) if the aiming point is at (0,0). We obtain

(2.22) Kp(uv)= D (-x,v-y)g I x N(1) (2)"

The fractional coverage R(X,Y) for a target area A is thus

(2.23) K(XY)=j' (u,v) -d

_ D ( ,- , x dxdmdudv- (u_(v- ) g ((2j)t(l)t(2)A"

Consider a rectangular area of dimensions 12A(1),2A(2)1. Using (2.23), we

obtain
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X[+A(l) Y+A(2) '' dxdydud'
(2.24') K(X,Y) _ Y-A'2) (-p V t-), T(2)')t()t(2)A ()A(2)

Through appropriate changes in variable and reversing the order of 
integration,

we obtain

,y+Y) [ [x+A(1fl/t(1)

(2.25) K(X,Y)-J D (x+X,y+y) tg[A(1)]/t(1). _ _P t_()i() g  Uld

F [ 1 .[y+A(2)]/t(2) g vlL~ j g(v) d xd.
i [Y-A(2) ]/t(21

Using the deftition of h(x,L) from (2.19) in (2.25), we get

(2.26)t A(2) dxdyI f(2.26) =(#_=- f D (xXi+YhtI), h(L2- ))t (1) t(_2),

If DP (x,y) can be expressed without integrals, we have thus reduced the problem

of obtaining K to a double integration. An alternate form for K used in the nu-

merical procedure is

(2.27) K(,)J, x~)Xy()Yh('t-l)hy9A( )xy

For a gaussian target, i.e., one whose location (u,v) is subject to a gaus-

sian distribution with variances t2(3) and t2(4) and center at (X,Y), the prob-

I ability of kill K(X,Y) is

(2.28) (XY u-X v-Y dudv

where K (u,v) is given in (2.22). Substituting Eq. (2.22) in (2.28) and using

Lemma 1 in App. D, we obtain

• 'I • • • • = . • • • • = • o
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(2.29) KXY- ~ ~ ()V ()/75 6

where

t2 (5) "t2 (1)+t 2 (3),

(2.30)
t2 (6)_t 2 (2)+t 2 (4).

Now from (2.21), we get

h(x/t(5) ,0) g(x/t(5))
t(5) t(5)

(2.31)

h(y/t(6) ,O) ./t(6 ))
t(6) t(6)

Thus we can put K in (2.29) in the form

(2.32) I',Y- D (xXyYhT5,,rSJ.-)1 )

When we compare this equation with Eq. (2.26), we see that the problem is equiva-

lent to that of a point target with the aiming error variances 
equal to the sum

of the actual aiming error variances and the target location 
variances.
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3. RIPPLE DELIVERY WITH GAUSSIAN DELIVERY ERRORS

3.1. RECTANGULAR TARGET AREA: FRAGMENT-SENSITIVE TARGET

Let us consider first a single weapon against a target element at (u,v) sub-

ject to ballistic errors according to a gaussian distribution with standara devi-

ations s(1) and 8(2). If the ballistic center of impact is at (0,0), the kill

probability Db uV) is given by

(3.1) D D X 9 d

where D(x,y) is the damage function in (2.1). Substituting for D from (2.1) and

integrating, using Lem -m I of App. D, we obtain

(3.2) u 2(lD) (2) " 12r 2

where

q2 (1)R- 1)+2 (1),
2D0

R2()-+s2 (2).

Consider the delivery of N(1) weapons against a target element at (u,v).

Each weapon is subject to ballistic errors as above. The N(W> weapons will be

delivered in a ripple mode. Examine first a zero aiming error. Then the ith

weapon will have a center of impact (CI) at (&pni). The array of CI's form the

ripple pattern. We will use the center of gravity of the pattern as the pattern

reference point; i.e., if the reference point is at (x,y), then

(3.3) i h

We will measure ai and bi from the reference point, i.e.,

aioLi-x ,

b -y1-2.y
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Thus, we obtain

NO)
(3.4) b= 00.=lh i O

Consider the pattern reference point at (x,y) and a single weapon subject

only to ballistic error. The center of impact of the ith weapon is thus at

(xai,y*+bi). Let p be the weapon reliability factor, i.e., the probability of

the weapon working properly. If the center of the pattern is at (0,0), the kill

probability D (u,v) due to the pattern is given by

p

N( I)(3.5) Dp(U,V)u- 1- p [-b(u-ai,v-b.))],

i b

where Db is given by (4.2). Explicitly, we have

N(O) ir-l v.t-b .1\
(3.6) D (uV)-1- flp JR1R2 7qJ L ' j. 2q(l)q(2) 2XP] LT( 2 I

i-i

Using this expression for D P in (2.27), we obtain the coverage X(X,Y):

_N1~'' pR(1x(2 ( I 3 x() +X- a.i 2
(3.7)Wt.IIL 2q(l)q(2) exp 2 Tq( j

ft . .. , 2 =

+ q (2)" J W) ('t(2)

Equation (3.7) is the basis for obtaining X(II) in the machine computation program

discussed in Sec. 5.

Expanding the product in (3.6), we obtain D as a sum, which, when substituted

in (2.24), gives an alternate expression for X(X,Y) that can be integrated term by

term. Thus, after expansion, we have
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k, L 2)jl 4M

X+A(l) - (x k -. :x) x civ (I
X-(1) il1 2q2(1) 2t(1)A(1) YB1)-

9~ dxd

ow-l 2q 2(2) / tC2)/ 2t(2)A(21*

Using Lemmna 5 in Api. D to evaluate the inner integrals in (3.8), we obtain

kni L2q(l)q(2)J kQ(I)Q(2)J

\kIX+A(1) tU-a(iii,.,&)&

X-A(1) 2Q2 (1) 2)M

___ __ ___ __ 2A(1)~2,-,i )

ex expI)

a ~K ktlL,.hkm (i~i ... '

x jul kf2i 2,-,k-

2q(2
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(3.10) 0 2

R 2(2) 2q tz2 2_D_ +_8 (2)

Q14t 2l~ tls (L)

Q2 (2)=, (2)4 1 ( 2 )  t , (2)41R2 (2) k/2)o+ 8'(2)

k -! iN O)-kl

\ i N(l)-k+l N(l)-k+2 N(l)S= * . L
i = 1  2=71+1 1. M l +1

2(NN1)

'The su.m E is the sum over the k combinations of the N(1) integers

1,2,3,...,N(1) taken k at a time.

If we have a point target, i.e., A(1)=A(2)O, Eq. (3.9) for K becomes

N(I) k (1)q(2
(3.11) K(X,Y)= . ( 1 ,kL2q(1)q(2)J LkQ(1)Q(2)J

k=--

XI(-() 2 )(2 -

\2Q2()/ 2Q2(2) / 2q2(1) / \2q' (2)

In the special case of ai-bi=0, i.e., salvo fire against a point target, the

/N(N( 2 ~11
sum z in (3.11) is simply ( k since a2=-2 b2L 0. Thus, we obtain

T(_2)) f ) IJ L (2 2

k=12Q 2(2)/
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For an area target, if the definition of h(x,L) given in (2.19) is used, Eq.

(3.9) for K becomes

(3.13) K(XY) )-k- pI)R(2) J 7(1)g(2)]

(Jvl(1)2 k_ ___ ___ )

k-l

x .\Q(1'Q(1) /Q(2)'Q(2)/

exp 
2q" (1)

Sexp2q 2 (2)

where the symbols are defined In (3.10).

In the special case of salvo fire, i.e.; ai-bi-O, the expression for K(X,Y)

in (3.13) simplifies to

N1)k 2r 1I~
3.14) ,k-i 2q(1)q(2) J Q()Q(2 h-Q (2)'Q(2)/

Equations (3.13) and (3.14) form the basis for cbtaining X(1) in the machine pro-

gram. Thus, X(1) and X(11) are equivalent expressions in which different compu-

tation techniques are used.

3.2. RECTANGULAR TARGET AREA: IMPACT-SENSITIVE TARGET

Coosider a single weapon subject only to ballistic errors. Substituting

the impact damage function D from (2.8) in the expression for Db in (3.1), we ob-

tain for Db(u,v) the equation

u+B(1) v+B(2) X43.1s5 ~ ~ (U,.)-p .fuB(l) fVB42)g--fat2./4) ()
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If we define f(x.) as

(3.16) f(X'y),a(Xy)-G(Xy),

Db from (3.15) becomes

(3.17) b(U1V)-dkf(_ .. ( ))f(--)- .2.

Proceeding exactly as in the preceding section on a fragment-sensitive target

for a ripple of N(1) weapons, we obtain an expression ior D (u,v) corresponding
p

to (3.5):

N(1)
(3.18) %(uv)-1- f' [1Db(U-aiv-b,)],

i-I

where Db is given in (3.17) and

(3.19) P' PPdk'

i.e., p' is the product of the reliability factor for the weapon and the probability

of damage if hit. Using (3.17) in (3.18) and substituting in (2.27), we obtain for

CO N(1) ~ t1+-a. UB(yt(2)+Y-b. _\
(2 X,(X,Y) mf q V..~ ~ ~ SI "S- M W', ,(). ()- ,2))]

-h A(l) hyW x.

.E2---.." (3.20n is the s-- for obtaining Z(15) in the machine program.

Expanding the product in (3.20), we obtain an alternate expression for K, i.e.,
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(t) k ) " (1)+X-a.(3.21) lf(X,Y) (-0) f p!J h xa - ",,T- d
k -i - '-

k , t(2)+Y-b.

__ . A(2)\d,.
I e 2) 22-)) (yT(2))J~

0-i

We note that: we have a sum of products involving only a single integration rather

than a double integration as in (3.20). For the salvo case, we obtain from (3.21)

(3 .2 2 ) K (X , 3) - i l k _ (-I )
k-i

f/xt(l)+X B(._/ A(l),, fkyt(2)+Y B(2)./ A)\
\ _ d ,. -. , t(l ) eS r (2) '7(2))hY( 2)/dY

Equations (3.21) and (3.22) form the basis for obtaining X(5) in the machine pro-

gram. Again X(5) and X(15) are equivalent expressions for K, but differ in the

method of computation.

3.3. ELLIPTICAL TARGET AREA: FRAGMENT-SENSITIVE TARGET

Consider an elliptical target area with axes A(3) and A(4) in the x and y

directions. The fraction coverage K(X,Y) for this tdrget area is given by (2.23).

Specifically, we have

(3.23) K(X,Y)- (u-X,v-Y)gl X \' ( )92) /3 A 4 u'zyd

where A is defined by

2 +[V J[UY]2[)]25

For a fragment-acnsitive target, the pattern damage function D (u,v) is given by

Eq. (3.6), the same as was used in Sec. 3.. Expanding the product in (3.6),
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substituting in (3.3), and integrating as in Eq. (3.9), we obtain an expression

for K that is similar to (3.9):

A11l~ (N(1))

k -I - 2q ( l)q (2 )j Lk Q ( )Q (2 ) . ,.. 2q 2( ) 2 (- / '

(3.24)

1 xp FV-~j 2' dudv
e> tL2 +L2 Q( Q2) TA(3)A(4)'

where A is given in (3.23) and the other symbols are as defined in (3.10).

Consider the integral expression I in (3.24); i.e.,
2

(3.25) 12( - "  2 )] 21 )T )
=2Q(I)Q(2) expF jI 2 2 V Id

where

C {:- +(X-Z) /Q(I)}2 + f[v-(Y-F) J!Q(2) }2

IA(3)/Q(1)J
2  rA(4)/Q(2)1

2

Define the offset ellipse function P(A,B;x,y) as the integral of a gaussian dis-

tribution of unit standard deviation over an offset ellipse, center at (x,y), with

axes A and B in the x and y directions, respectively; i.e.,

(3.26) P(A,B;x,y)- exp (C.2,+n2 )) d,

C2

where

C2: (-)--+
A2 B2
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Thus, the integral 12 ir (3.25) becomes

12'2QI)Q(2)dA(3) A4) X-a' 7-b2"A(3)A(4"' \,,l--'Q(2); 'Q("'-''.

Substituting in (3.24), we obtain the expression for X(X,Y):

(3.2/) X(X,Y) , (-1) 2q(I)q(2) Lk (3)A)(2)

(21(k)) / kra-#+ -21\ .l(3) IA 4). -

x. ex -+ -i, X-

where P(A,B;X,Y) is defined in (3.26). Tables of the offset ellipse function are

available in tfie open literature.

In (3.26), if A-BaR, i.e., if the ellipse becomes a circle, the offset ellipse

function becomes the offset circle function, i.e.,

P(R,R;X,tI)-P(R , V ")

where P(R,,) is defined as

(3.28) P(R,r)- +¥2<R2 g(-r)g()dxdy,

where l0 (x) is the zero-order Bessel function of the first kind with imaginary

argument.

Consider the special, case

Q(i),e(2) an A (3)-A (4),

i.e., the target is a circle of radius A(3).
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N(I) ,R(2)k[ 1;,
(3.29) X(X,Y)- I (-I)& I )R(2) g()(2k-1 2 C~()~k()

(N1)exp( - a 2 b2- p V'3)1(T+(y-) 2

2 9 [ 2(1I) q2(2)J/ ,Q(' Q( 1i) -

where P(R,r) is defined in (3.28). For the salvo case, this expression reduces to

(3.3) XX~Y~f( )k(N()\FpR( )R(2)i[q()g(2)](A(3) X2+Y2\
(33) KX2k-1 \k/[2q(l)qC2)J kA(3)2 QCI)' 4(1)
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4. DISPENSER-TYPE DELIVERIES AGAINST RECTANGULAR TARGET AREAS

Let us consider a dispenser-type delivery. This type includes both the mass

delivery of a number of weapons and the delivery of a sequence of weapons at timed

intervals. The latter type is similar to the ripple delivery of the previous sec-

tion except that the ballistic dispersion of the individual weapon is not neces-

sarily gaussian, and the number delivered may be much larger than in the case of

Sec. 3.

The dispensers themselves may stay with the delivery vehicle (no ballistic

errors for the dispenser) or may be released in the ripple mode and thus be sub-

ject to dispenser ballistic errors. In either case, the subweapons are distributed

according to some type of pattern distribution. In addition to the ballistic dis-

tributions of Sec. 3, we will also consider cases in which the subweapons are uni-

formly distributed over a pattern (rectangle, ellipse, annulus). We will view

these pattern distributions as ballistic error distributions for the individual

subweapons. Thus, we have cases where there are two ballistic error distributions,

one for the dispenser and one for the individual subweapons.

We will consider, in turn, the following types of subweapon distribution

functions:

1. Stick distribution in range; gaussian distribution in deflection.

2. Uniform distribution in range and deflection (over a rectangle).

3. Uniform distribution over an ellipse.

4. Uniform distribution over an elliptic annulus.

In this section we restrict ourselves to the consideration of either point

targets or rectangular target areas of dimensions [2A(1),2A(2)j.

4.1. RIPPLE-TYPE DISPENSER DELIVERIESit We consider first a sequence of N(2) weapons delivered at timed intervals,

i.e., with centers of impact forming a pattern (ai.,bi),isl,2,3,...,N(2). This

type of delivery is similar to the type of delivery of Sec. 3 except that several
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patterns may be delivered at once, either with the same aiming points or with

offset aiming points, which involve the delivery of several tubes in a container

or from several containers. Further, the ballistic data for the subweapon are

usually not obtained for each weapon individually. The ballistic errors it, de-

flection are assumed to be gaussian, but the range errors are governed by an em-

pirical distribution.

We assume each of the N(2) weapons to be aimed individually at the center

point of the pattern. We fit the empirical data for range dispersion by assuming

that its distribution KX(X) is the stick distribution:

L X 1)\ dx
1' qo)'q(O)/ q(o)'q(o)/q(o)'

where L(1) is the "length" of the stick, and q(O) is a parameter of the distri-

bution. Appendix B contains a discussion of this pattern.

The ballistic distribution in deflection is gaussian with standard deviation

8(2). Consider a single weapon against a target element at (u,v). The kill prob-

ability Db(u,v) is given by

(42 Ue'(2) (2)q(0)'

where D(u-x,v-y) is the damage function. If N(2) weapons are released from the

dispenser with pattern center at (0,0), the kill probability DD(u,v) to a target

element at (u,V) due to a single dispenser is

(4.3) DD(u,v)nI [ l-pDb(uv)) N( 2 )

where Db(uV) is as given in (4.2), and p is the subweapon reliability factor. We

def!ne r as the probability of a dispenser operating properly, i.e., the dispenser

reliability factor. If there are N(1) dispensers with pattern centers at (ai,b )

a pattern of dispensers is formed. Thus, the kill probability D (u,v) due to the
p

whole pattern is
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N(1)

P1
i)

0l- [l-r{l-[l-PD,(u-.v-b.)I(2 ]

4.1.1. Fragment-sensitive Targets

For a fragment-sensitive target, substituting the damage function (2.1) in

(4.2), we obtain for Db(u,v) the expression

(4.5) ~ ~ ~ X PCXdV~~ ex(\ r- oL 2)h(2)/ 0iA() d

x e x pD [-2R:-: 42y] ds

' The i .egrals are evaluated using App. D; Lemma 6 is used for the first integral

and Lemma I for the second integral. We obtain

U q 1) - 2)b((4.6) Dq(3) 't3) [q(2)

where

2 +a 2  (2),

(4.7)

(3) Xi ()q q 2(3) +q2()

Using (4.6) in (4.4) to get D P(u,v) and substituting in (3.27) to obtain the

coverage K(X,Y), we have

=

'C
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(4.8) ,<.r (-Nl'-op-rPI;<)
xh( ? (I)+X-aj..,_ '- (2) _ e p "[ Iryt(2)+Ybi 2 IN(2) } J ] J

A(3) q(2)2

If r-1, we obtain

(4.9) vivv, [. . N(1) IPR(1)h (xt(I)+X-a IM

R() it(2)+-b1 2  1__ 2)_J-Iq(-I 2) ex xp ( 121_ q(2) ]2)r ]Jh(x41I) h(y 2) dxdy

The expression for K(XY) in (4.9) forms the basis for X(12) in the machine

program.

For a single dispenser, N(1)-I, we expand the expression in (4.9) to obtain

2) k- N(2)/r ___k___ _(l) (_

(4.10) K(XY)-,Yf (-I,) \ k )/FLE(q(3) j q(3) 'q(3)/ M)
k]

L/4 (2JI 2 y q 2 (2T

The second integral may be evaluated using Lemma 6 of App. D, so that

N() k- /N( 2)\ r R(2) Ikl (.y .A. 2)f hk(xt(1 )+XL h A(),(4.11) X(X,Y)u. (-1) i )Lq(2)JVhkQ-PQ(2) I h q(3) 'q(3)/k tt() a

where q(2) and q(3) are given in (4.7) and

Q2 (2) - 2 (2) .-- ) +t (2).
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Equation (4.11) forms the basis for X(2) in the machine program, and X(2) and X(12)

are thus also equivalent except for the difference in computational methods.

4.1.2. Impact-sensitive Targets

For a hard target-type subweapon, substituting the damage function (3.1) ir.

(4.2), we obtain for Db(u,v)

zsB(1)1  LC1)A \ dx p+BC2) yVd
V(=Pd) J&u_B(l),, -(O) )-w jB(2) 9 e(2)js(2).

Thus, we can txpress Db(u,v) as

/u B(_) LA )f( v 2Y(4.12) Db u,v)L- .~)qo L, ,2

where the function F(,be,L) is defined as

P(xM,L)-H(x ,L)-H(x-yH,L),

and H(x,L) is defined in (2.19), and f(x,y) is defined in (3.16). Using (4.12)

in (4.4) to obtain D P(u,'V) and substituting in (3.20) to get the coverage X(X,Y),

we obtain

(4.13) .I (l) IF .( +X-ai_ B _(1)\

/yt(2)+Y-b. 21 N(2) YA()
Xfk( ) (2) 2 t(A)U \ d.zdj

where p' is as dafined in (3.19). The expression for X(X,Y) in (4.13) forms the

basis for X(1I) in the mAchine program.

FPr a single diapenser, N(1)-l, we expand the expression in (4.13) to

obtain
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(4.14))

A( 1)\-r .kyt2)+Y B(2)\ A(2)At( )\,Ty d=~ ' y"

The expression for X(X,Y) in (4.14) forms the basis for X(4) in the machine pro-

gram. Again X(4) and X(14) are equivalent but are computed differently.

4.1.3. Approximate Method: Fragment-sensitive Target

in the problem conside.ed in Sec. 4.1.1 for a fragmentation-type weapon, we

can simplify the expression for K(X,Y) if the range offsets a-O by an approxima-

tion for the range ballistic distribution. Referring to the expression for Db(u,v)

in (4.6), we have

q(3)

which is a density function for a distribution function. If we replace this func-

tion by a uniform distribution a(u,L(5))/2L(5), where o is defined in (2.9), we

obtain the approximate expression for 9b(u,v):

(4.15) Db(Uv)-n 2 -l2)cr(uL(5)) I 2 exp V2

2L(5) Fu, 2q 2 (2)/J'

We will demand that the functions h(u/q(3),L(1)/q(3))/q(3) and a(u,L(.))/2L(5)

have the same variance. Then L(5) is determined by

(4.16) L2(5)-L 2(1)+3q2(3).

Using (4.15) in (4.4) to determine DD(U,V), we obtain

1 R (2-b (2) 2(2].

L5 1
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Substituting for DD(u,r. in (2.27), we obtain the coverage K(X,Y):

,,,_AM _ F .PJR(l) (<2)(4.17) X(XY).J a(xt(1)+X.,, ,. .-h ( t(1) dx.,. X

-
t 2) Y- 

2Xf 2 L(5))h~ x J'!)dx

.A(21

exp 
A([q()2)/

Using the definition of F(x,y,L) in (4.12), we find that the first integral in

(4.17) is

L(5) A()\

Since F(-x,YL)-F(x,y,L), we obtain for K(X,Y) from (4.17)

(,X A. ) \r"N 1 piR(IL)(2)(4.18) X(XY)-F (1-), - II -2L (5) 12q-

( 1 t(2)+Y-bi 2)(
V ~x exp, \L q) J)}c]h(y 2))y

Equation (4.18) forms the basis for X(13) in the machine program.

If N(1)-1, expanding the expression in (4.18), we obtain

x" _ (k jt(2y2 2 )hyA2 )d

Evaluating the Integral using Lemma 6 of App. D, we obtain

Q(2) (C)NQ2) '(
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Equation (4.19) for K(X,Y) forms the basis for X(3) in the machine program. The

expressions X(3) and X(13) are equivalent here for K when different computational

methods are used.

4.2. UNIFORM DISTRIBUTION OVER A RECTANGLE

We consider a ripple of dispensers whose subweapon distribution is uniform

in range and deflection over a rectangle. Each dispenser is assumed subject to

ballistic errors according to a gaussian distribution with standard deviatiogis

8(3) and s(4). The centers of impact of (a.,b.) refer to the center point of

the dispenser pattern. Each dispenser is assumed to release the subweapons so

that the distribution of the subweapon is uniform over a rectangle (2L(3),2L(4)L.

If the pattern center is at (0,0), the kill probability Db(u,v) to a target element

at (u.v) due to a specific weapon is

( DL(3) 'L(4) dm

(4.20) Db ()-L(3)J-L(4) 4 ( 3 )

where D(u-x,v-y) is the damage function.

If N(2) weapons are released and if the center point af the pattern is at

(0,0), the kill probability from a dispenser, DD(u,v), is

(4 21 D )D 1 - .N(2)

where Db(u,v) is given by (4.20), and p is the subweapon reliability factor.

The dispenser is subject to a gaussian ballistic error, so that DD(u,v), the

dispenser kill probability, is given by

(4.22) D() (u(3)8(4)xv-yg

D ~ ~ ~ ~ ~ ~ ~ () f(40D)*--)9e4)e3a4

00a -I-pDb (u-x ,v-y) N2 X
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4.2.1. Fragment-sensitive Target

For a fragment-sensitive target, substituting the damage function (2.1) in

(4.20), we obtain

L(3) L(4) i u~x ]2 fl) dXdy
Db Ju, S J O e ( iTj J yR(2) 4L(3)L(4)

TrR(I)R(2)( U L(3)\L.V L(4)
y_ y(;I "y( M)(I) '(2)'y2))

where

, 2( 0

R2 (2)
0Y-0 '

The expression for DD(u,v) from (4.22) is thus

X€ Y dzd

a. Approximation 1: Ballistic Error, No Edge Effects. The computational

methods based on (2.27) will not work if the expression for DD(U,v) contains an

integral. Thus, expression (4.23) must be simplified. One method Is to replace

the density functions in (4.23):

I)'y 1' and (y() y(2)

by the uniform density functions

CV(_!LW) and ct(v.L(6))
2L(5) 2L(6) '
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where y(x,L) is as defined in (2.9) and variances are equal. Thus, L(5) and L(6)

are given by

L2(5)=L2(3)+3y2(1)=L2(3)4 3R(o)

2DO

(4.24)

L2 (6)-L 2(4)+3y2 ,2)= (4)4 3R2(2)
2D0

1hsentially, we are assuming the ratios R(I)/L(3) and R(2)/L(4) are soall. We

enlarge tile pattern I2L(3),2L(4)I to be 12L(5),2L(6)i and assume no edge effects

in the enlarged pattern. Thus, we have

(4.25) DO(U, V)- -- 4C)Tj

cr u-_,L(5 )a(u-y,L(6)"g X 9 \ [ N dxdy

If 8(3) and 6(4)>O and we use the definition of f(X,y) in (3.16), the expression

for DD(U,V) becomes

r.-,N(2)
(4,26) (2U]NV2_)__u L(5)\./ V L(6)\

(4,26) D uvhl -4L(5)L(-J ;(I) ' (3 /)J 8 (4)';(4)'"

When we use (4.26) for a ripple of N(l) dispensers with Cl's at (ai,bi), the

kill probability D P(u,v) due to the whole ripple is

N(O)
(4.27) D P (uV)-1- I1rD D(u-av-b)J

i= I

NO) ( R(l) (2) N(2) U a v b 6"
[. j r. 4L(5)L(6)J (5)xL ( -4 s(4

where r is the dispenser reliability factor.
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Substituting the expression for D (u,v) as given by (4.27) in (2.27), we

obtain

(4.28) )C(X, Y).mS~ 1r L- 4L(5)L(6)J ff -0 (3) $a(3)

lyt (2)+Y-bj \1 A2)
V 8(4) , iL-(6))J) h (x. I A)h (Y I 4_ ) dzy

Equation (4.28) forms the basis for X(103) in the machine program. For only
one dispenser, we can integrate the expression in (4.28), using Lemma 6 of App. D:

(4.29) X(X,1),,,tI-~R(.)R(2)1() .X L(5) A(l)'y'Y L(6) ,A(2)N[~(5 A_5)(6

where F(x,y,L) is defined in (4.12) and t(3) and t(4) are defined by

t2 (3) =t 2 (j])+82 (3),

(4.30)

t 2 (4) ,t2 (2)+s2 (4).

*The expression for the coverage K(X,Y) in (4,29) is for the case of a single

dispenser rectangular pattern where the ratio of the subweapon MAE (mean effec-
tive area) to the pattern area [4L(3)L(4)J is small. It can also be considered
as an approximation to the case discussed in Sec. 4.1.3, "Approximate Method:
Fragment-sensitive Target." For the range dimension L(5), we use the value ob-

tained in (4.16), i.e.,

L2 (5)'L 2 (1)+3q2 (3)mL2(1)+3q2 ()+ 2D

and equivalently

(4.31) L2 (3),,L2 (I)+3q2 (0).

We make a similar approximation in deflection, again equating variances, and

obtain
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,2(6)-3q2(2),392(2)+ (2)
2D'O

and equivalently

(4.32) L2 (4)-3e2 (2).

Equation (3.29) with L(3) and L(4) given by (4.31) and (4.32) form the basis for

X(1O) in the machine program,

b. Approximation 2: Edge Effects, No Ballistic Error. A second approxima-

tion for D(u,V) in (4.23) may be made if 8(3) and 8(4) are small with respect to

L() and L(2). We then assume s(3)-8(4)=0, so that DD(zu,v) is given simply by

(433) [l p[yR(1)R(2),( y L(3). / V L(4)_lN(2)(4.33) %(u,v)-l-L- ()()t(7),70) Y(- 2-).

For a ripple of N(I) dispensers, the kill probability D p(u,v) due to the whole

ripple is

NN ,u-a. -b. L (2)

(4 .34 ) /D (u , 0) 1- ' -1- 1 M ( ) " o ) ~ ) h ( ) Y

Subbtituting (4.34) In (2.27), we obtain

(4.35) (l((2 I- I (I)

... yt2.,Yr, L() N(_.<,.. AQ AM r .

Equation (4.35) forms the basis for X(104) in the machine prograir. The expressions

for K(X,Y) in (4.28) and (4.35) are arswers to the same problem but different ap-

proximations are used; i.e., X(103) and X(104) are equivalent.

4,2.2. Impact-sensitive Target

For an impact-sensitive target, by substituting the damage function (2.8) in

(4.20), we obtain for Db(u,v)
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L((3) L4(4.36) D b(UIv),.Pdkf_, 3)-L4 o(u..x, B(O)W y, B(2)) 4L(3) L(4).

We will assume that L(3)/B(1)>i and L(4)/B(2)>l. Define 8(X,B,L) as the integral

of two cr functions, i.e.,

(4.37) O(w.B,L)=- oi(x-y,B)ct(y,L)dy.

CO

Thus, we have

jxj<L-B,

(4.38) O(-,B,L)B - -= B. I XkL+B,

0B)Lxl>L+B.

The function 8(X,B,L)/4BL is a density function with variance L2+B2. When we use

(4.37) and (4.38), Db(u,v) in (4.36) becomes

D u, ffP d B(u,B( ) ,L(3) )B8(V,B(2) ,L(4) )

(4.39) Db(uv)- 4L(3)L(4)

For a single dispenser, DD(u,v) is given by

-. -_" " " ""'r''6(V"yB(2)'L(4)) N ( )(3 (4

(4.40) DD(uV)=I1-. =[ -p'O(u-x,B.l,L ,,),

UV(3) gs (4)/ s (3)so (4)

where P'-PPdk as in (3.19).

a. Approximation 1: Ballistic Error, No Edge Effects. As for the frag-

mentation case in Sec. 4.2.1, we must make an approximation for DD In (4.40).

As one approximation, we will replace the density function 8(u,B(1),L(3))/4B(1)L(3)

in (4.40) by the density function ct(u,L(5))/2L(5), again requiring Vqual variances.

Thus, we let
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(4.41) 4(uB(1) nL(3)) a(u,L(5))4B(I)L(3) 2L(5).

where

(4.42) L2(5)-L 2 (3)+B 2(1).

Similarly, we let

(4.43) B(v.B(2) ,L(4 ))&,c(v,L(6))
4B(2)L(4) 2L(6)

where

(4.44) L2(6)-L 2 (4)+B 2(2).

Then, in place of (4.40), we have

(4.45) D(uv) -- p'(u-x,L(5))(v-y,L(6)) N(2)

"gks--3)g~ 9 (4)), 8(3) a(-4)

l [ [LIi1)B2)N(2),/ L(h v 6)

/ ,- 5)1,(6) 1 (3), -)

We note that this expression for DD(u,v) is the same as for a fragmentation

weapon in (4.26) except that 4B(I)B(2), the area of the target, replaces-the

MAE-'rR(.)R(2), and the definitions of L(5) and L(6) in (4.42) and (4.44) are

slightly different from those in (4.24). Thus, the expression for K(X,Y) is

similar to (4.28):

(4.46) o(X( )= ) I .'B(I)B<2)
U . L5L (2 j (

Jxt(1)+X-a f(5) yt(2)+Y-bi .. ]
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Equation (4.46) is the basis for X(105) in the machine program. For a single

dispenser, we obtain

~LL(5LC6)JN(2)} (
{ _p'B(1)B(2) N2)FX.. 5)A(1)\,/ Y L(6) A(2N

(4.47) K(X,Y) -r 1 L(5)L(6) 3) t( 3 73) V ; t-T }r t 4)'T(4)'t(4))'

where t(3) and t(4) are as in (4.30) and L3) and L(4) as in (4.42) and (4.44).

b. Approximation 2: Edge Effects, No Ballistic Error. A second approxima-

tion is to assume a(3)-e(4)0. Then from (4.40) DD(zu,v) is

(4.48 .Duv) - -P'B(uB(1),L(3))B(v,B(2),L(4))] N 2

(4.48 UD('v) -L1- 4L(3)L(4)'

For a ripple of N(1) dispensers, we obtain, as in (4.35),

(449 K(XY) I-[I

x 4L(3)L(4)

A(1 ) A(2)

Equation (4.49) forms the basis for X(106) in the machine program. Thus, expres-

sions (4.46) and (4.49), i.e., X(105) and X(106), are solutions to the same problem

using different approximations.

4.3. UNIFORM DISTRIBUTION OVER AN ELLIPSE

We consider the same problem as in the previous section except that the sub-

weapons are assumed to be uniformly distributed over an ellipse with semimajor axis

T) and semiminor axis T(2). The kill probability Db(u,v) is

(4.50) Db(uv) f C  dxdyDC1 T(1l~ )T(2)iT,1



-38-

where CI is the area inside the ellipse [xlT(1)1 2+([/T(2)]2-1. The kill prob-

ability DD(u,V) for a single dispenser against a target element at (u,v) is thus

given by (4.22) and (4.21) with Db(U,v) from (4.50).

4.3.1. Fragment-sensitive Target

For a fragment-sensitive target, substituting the damage function (2.1) in

(4.50), we obtain

(4.51) D'b(U'V)u TMT(2) ( " I kX (_) (z2

where

S2 12

.2 
2( )

2() R2(2)Y (2)-2-y

In Sec. 3.3, the .fset ellipse function P(A,B;x,y) was defined in (3.26) by

(4.52) P(4,B;x,y)-ff2 g()g(1)dEdT),

where C2:I(-x)IA]
2+[(lG Y)/B]2 t. We can thus express Db(u,v) in (4.51) as

(4.53) ( R(I)R(2).T(l) T(2". u v
3Db(uv)T(I)T( 2) 'y(2)'y(1)'?2T,

with P(A,B;xy) as in (4.52). Thus, DD(U,V), which is similar to (4.23), is

NR(2)
(4.54) D (u,v)=J'QR2)j()T()U.

9 f ~ T(1)T(2)' y(W)y( 2)'y(l)'y (2))

~a(')'~1A ) 6(_3Tha(4)~
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a. Approximation I: Ballistic Error, No Edge Effects. As before, we must

simplify (4.54). If T(1)/y(l) and T(2)/y(2) are large, we make the following ap-

proximation in (4.53):

R(r)R(2) f Z 12 2 : 12

(4.55) Db(u,v)- T( )T(2) "1 [12

S0 otherwise.

Again, this is the approximation often used when we ignore edge effects: The

kill probability is the ratio of the MAE to the pattern area inside the pattern

and zero outside. Under this approximation, we obtain from (4.22)

( N(2f(4.56) DD(u,v) -Ip 1) ( "  t9 X 9 _ dxdzLD. .,(1)T(2) j )g,-T'gC ,(b()

where

CV u r_12 +y-; 12

The integral in (4.56) is also an offset ellipse function. Thus, we have

(4.57) D ,. U -r I.P(I R(2) N(2) t (JT() T(2) ; v
(457( ~~~iL .'(lT(2 ]3 _4

where P(A,D;x, y) ts defined in (4.52).

For a ripple of N(1) dispensere with Cl's at (ai,bi), the k!11 probability

D (U,V), which is similar to (4.27), is
P

-I ) i(r1 ~ __ _ u-a
(4.58 D P ?(l )T(2)j f (3 ps(W)e(4)'(4)')

Substituting the expression for D (u,v) given in (4.58) in (2.27), we obtain

vp
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Y) , I _R (I )U (2 )1 N (2) I(4.39) K(X, Ij"T(1)'T(2)

((3) s(4)1 a(3) s (4)

Equation (4.59) is the basis for X(107) in the mrhine pregrn.-

If the pattern is circular, T(I),T(2)=T, and the dispenser ballistic errors

are equal, a(3)-8(4)-8, the expression for K(X,Y) in (4,59) becomes

(4.60) K(XY=-. - r - [ T
1

(T /ft(1)+X-.a.J2+[hyt(2)+Ybe 12\1i A(2)\

XP8 h (T (l'))h (Y' (2)x

where P(R,r) is the offset circle function discussed in Sec. 3.3 and defined in

(3.28) as

(4.61) P(R,r)= i g(x-r)g(y)ddy.
X2+yj2sR

2

As discussed in Ref. 1, the circular coverage function P(R,r) may be approxi-

mated for R large:

(4.62) P(R,r) "- g(u)du,,l-GO,-1R7-l ) .

This approximation is very close for R 5 but should not be used for R<3. Using

this approzdmatlon in (4.60), wq cbtain a second approximation:
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NO) N2)
(4.63) WIY [- RIR2

2,=T1

xh~x3 )h())dxdy.

b. Approximation 2: Edge Effects. No Ballistic Error. A secoad approxima-

tion in (4.54) is to set s(3)-e(4)-O. Then DD(uv) from (4.54) is

________ ___ T() ~N( 2)(.64 U, v =l- ,U , --a-

where y(1) and y(2) are as in (4.51). For a ripple of N(1) dispensers, D P(u,v)

is thus

N(1 u-pR v-bk N(2)
Nuv) F1r1[jp )R(2) IT(l) T(2).z-a 1  N _ .

0 P T(I)P(2)Vy() 'y(2)'y(1) 'y(2) uL

Substituting in (2.27), we obtain

W"W --( 1)'(4.65) ',Y- I _N,$)) [ ,_pRQ1)R( 2)

A(I)T)2

h( '- () (2 1 d(2)

AO'\(Y A (2

Equation (4.65) is the basis for X(108) in the machine program. Equations (4.59)

and (4.65) are two approAimatLions to the same thing by different methods.

If the pattern is circular, T(1)-T(2)-T and if R(1)=R(2)-R. so that y(l) y(2)=y,

Eq. (4.65) for X(X,Y) becomes

I
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.. " t /N(r1)(

(4.66) X( X, Y)-r[

5 .'xt(l)+X-a]34E[#t(2)+yV2 ()

Y( , - l i I- 7'"

A) h(jA(2))
xh Axi ( I) h ____-2))dxy

where P(R,r') is the offset circle function as in (4.61). Equation (4.66) corre-

sponds to Eq. (4.60).

Finally, if we use the approximation for P(R,r) in (4.62), we obtain the

second approximation, corresponding to (4.63) for K(X,Y):

(4.67) X(X,Y)mf [11N(I) (1-r{1-[ pR

- - L.. t T2

xh A(l )N A(2)N

4.3.2. Impact-sensitive Target

For an impact-sensitive target, substituting (2.8) in (4.50), we obtain

C4

where C4:Ix/T()] 2+[ylT(2)12-I. If T(I)/B(I) and T(2)/B(2) are large, we can

make an approximation similar to that used in (4.55), i.e., let

4B(I)11(2) i 2 r 12

(4.69) Db(u'V)= P T(1)T(2) (LT)J LT(2)J

0O otherwise.
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Thus, if (4.22) is used, DD(u,v) becomes

(u,' V) _ 1 f()B"2N2 TI T(2) ~
DD~uvul L T(I)T(2) Vt IM - 'i(4

This is exactly the same as DD(u,v) in (4.57) for the fragment-sensitive case,

except that we have replaced R(1)R(2)/T(1)T(2) by the ratio 4B(I)B(2)/irT(1)T(2)

and p by p'. Thus, we obtain an expression that corresponds to (4.59):

~ - q r,1 T(1)T(2)

ZL.,oL2) rt(l)+X-a yt(2)+Y-b)-" A(

\(3) 8(4)' 8(3) ' e(4) J 't-") 'Y 't2)

Equation (4.70) forms the basis for X(109) in the machine program. For the cir-

cular case, Eq. (4.60) applies with the above replacement, i.e.,

(4.71) K (X,Y) = r- (- (-
- -L t T2

IT 'xt(1)+X-a i ]2+ryt(2)+Y-b ]2 A(1 A(2)

Finally, for Tia sufficiently large, we obtain an expression similar to (4.63):

(4.72) (X,Y)I- If f r -[I-P 4B(1j N (2) N

Z-1

, A(1)
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We note that the approximation ignores the edge effects. If the edge effects

are important, i.e., T(1)/B(1) and T(2)/B(2) small, we may transform the elliptical

pattern into an equal area rectangular pattern and use the results of Sec. 4.2.2.

In this case, we would let

L(3)-a'(,

(4.73)

ST(2)
2

and use Eq. (4.49).

4.4. UNIFORM DISTRIBUTION OVER AN ELLIPTIC ANNULUS

We consider the same problem as that of Sec. 4.3, "Uniform Distribution over

an Ellipse," except that the subweapons are assumed to be uniformly distributed

over an elliptic annulus, the area included between the inner ellipse with semi-

axes W(O) and W(2) and the outer ellipse of semiaxes T(l) and T(2). The kill prob-

ability O b(u,v) is now

(4.74) Db (u,v)w D(u-xv-y)dzdz
C [T(1)T(2)-W(1)W(2) ]'u5

where C, Is the area between the ellipses [x/T(1)]2+(y/T(2)]2=l and x/W 2 (1)1+

[y/W (2)J1l. The kill probability DD(u,v) for a single dispanser against a target

element at (u,i') is thus given by (4.22) and (4.21) with Db(u,v) now given by

(4.74).

4. .1. Fragment-sensitive Target

For a fragment-sensitive target, substituting the damage function (2.1) in

(4.74), we obtain for Db(u,V) an expression similar to that of Eq. (4.53):

R(1)R(2) [p(T(1) T(2) u v _p(W(1) W(2) u -T(1)T(2)-.W(1)(2)Ly(1)'y(2)y(1) ( y(1)'y(2)'y(1)(2)J9
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where P(A,B;u,v) is the offset ellipse function in (3.26) and y(1) and y(2) are

as in (4.51), i.e.,

=2(j)
y 2(1)_R 0

2D0

2 R2 (2)
2D0

Thus, as with Eq. (4.54), DD(u,v) is now

2u )}N(2 2

I(WO) W(2). U v ] g z
Vy _) '7 -2) y ( I' e (4))8(3)e(4)"

a. Approximation 1: Ballistic Error, No Edge Etfects. If T(1)/y(I),

T(2)/y(2), W(1)/y(1), W(2)/y(2) are large, we make the same approximation, as

in (4.55), that

(4.76) Db(u,v). R(1)R(2)
T(I)T(2)-W(1)W(2)

if (u,v) is inside the elliptic annulus C 5 and otherwise zero. Under this approx-

imation, DD(u,v) becomes

(4.77) D ('. r.v)' - R -R j (2 9 / \))D. L 1[T(,)T.(2)-,( ),( ) ks -,(3)) s,(O)e(3),(4).

The integral in (4.77) is the difference of two offset ellipse functions; thus

L)() "2 N(2)(4 .7 ) D "U'V =)l I - W( )

[ ()() TA)



1,, tli equatl Ion, A ,i';z4 " is t he off set el ipse futntion given in Eq. (3.26).

It we pred i, u t , fr" a ripple of N(I) diqpeusers with CI's at

,:,: . md a d i spezi.er rel ial, iIi ty factor p,, the f ra Lion, I coverage K(X, is

4 . >i) -. X, '.,)=
I'  K! 1-: I- I Y h2( .' (I )W. 2)]

(x +,.; ,7L~ 2 W

r - + !.-,z et... . .%-1 u . ."_ ] 1 a a ) W / t C-

l.qtat ion ('.79) is the basis for X( I10) in the wach ite program. it allcws a

ballistic error but considers no edge effects. Thus, to be valid, the ratios

.(I)/R(I) and 7(2)/.(2) should be reasonably large, i.e., -5.

If the pattern is a circular annulus, T(I)-T'(2)=7 and W(I)=W(2)=W, and the

ballistic errors are equal, (-3); (';)=a, the expression K(X,Y). uhich is similar

to (4.60), becomes

(: ......)F)(4.80) .K(X,Y) -.iI -?)II.L2]

J )

J Jr 'it (I)+X-a.j2 '4t2 -. !

-'F , t

where '(!,.>) i. 01- Oi f-;e t ircle f ,nction as In (4 61).

\s a ,evond .ipproximat ion for 1/s and W/a large, us i thLe approximation for

t '?,') in '..2), ,'e obtiln an expression tMt iq qimi lar to (4.63):
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(4.81) K(XY)=rff{ -Nf[l...v 1[i..P! N( 2

S('[xt(l)+-a i i. 2+ry t (2 ) + y- bi 2-IW2 -e2

1.t l )+-a i j + Lyt(2)+Y-b.j2 4 2
X)-\ 8

8 i
xh(x,1,(h)4, A(22) dxdy.

Equation (4.81) is the basis for X(100) in the machine program. Again, no edge

effects are considered and min [TiR(1),T/R(2) J should be greater than 5. Further,

in order that approximation (4.62) be valid, TiJ and Wie should be greater than 3.

b. Approximation 2: Edge Effects, No Ballistic Error. The second approxi-

mation is to set a(3)-o(4)-O. Then, proceeding as in Sec. 4.3.1a for Eqs. (4.64)

and (4.65), we obtain for K(X,Y) an equation that corresponds to (4.65):

(4.82) K(XY)"Sf(I-l'{ r- L)I( I)T(2)w(i)W(2)

ri xt(l)+X-ai yt(2)+Y-b.\

x y(l)y(2)- y(l) ' y(2) /

where y() and Y(2) are defined in Eq. (4.51). Equation (4.82) forms the bass

for X(11) in the machine program. Equation (4.82) is used when the edge effects

are important, while Eq. (4.79) is used when the ballistic errors are Important.

If the pattern is a circular annulus T(1)-T(2)-T and W(1)wW(21-W, we obtain

an expression that corresponds to (4.66):
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(4.83) (,Y= I

Y

______ . ()$] A(I)%, A( 2)\

\Y ' Y f (flXFl) Y

Finally, a second approximation for T/y and W/y large that is similar to

(4.67) is

- L =1 \ { T 2w

G(CJxt(l,+X-ai 2j2+!yt(2)+Y-bi!2- W2 -Y 2 )

h 'j~ - " )xd yl

Equation (4.84) forms the basis for X(1O1) in the machine program. In this case,

TIR and WIR should be larger than 5.

.4 2. m~Ipact-sensitiveTarst

Yo. cn impact-sensitive target, DD(u,v) is the same as in (4.68) for the el-

lipse, except that the elliptic area C4 is replaced by the elliptic annulus C5 of

(4.74), if T(I)/I(I), T(2)/B(2), W(I)IB(1), and W(2)18(2) are sufficiently large,

we make the same approximation as in (4.69) over C5, i.e.,
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pa4B(1) B(2)

) ir)T()T(2)-W(I)W(2)] if (u,v) is inside C5 ,
D. (,v)"

0 otherwise.

U:,der this approximation, K(X,Y), which is similar to (4.70), is

(4.85) KV,~ W-(I ) 1-p'l 24B(I)B(2) __ N(2)1

T(1 • -t(1)+X-uj y't(2)+Y-b.

L['(i( '8(4)' 8(3) ' (4) /

W xt(1)+X-ai yt(2)+Y-b. AM\ A( 2)
83(3)')(4) (3) ' ) d) ,.

We note that (4.85) is identical with (4.79) for the fragment-sensitive target

except that the ratio R(1)R(2)/(T(1)T(2)-W(l)W(2)) is replaced by 4B(1)B(2)/

w[T(1)T(2)-W(1)W(2)]. Equation (4.85) is "he basis for X(112) in the machine

program.

For the circular case, T(l)wT(2)-T and W(1)-W(2)-W, and the ballistic errors

o(3)-e(4)-e, the expression K(X,Y), which corresponds to (4.81), becomes

4N( B() anN() (2).

(4.86) X( ) 1  ( - '4B() )B(2-2

(I~~~~~fr(2r2 J~IL 2.J,,Lv

i i2(T2-W2)11 ( L(
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Equation (4.86) forms the basis for X(102) in the 
machine program. Since no edge

effects are considered, T/B(1) and T/B(2) should 
be greater than 5; further, in

order that approximation (4.62) be valid, 
Tie and W/e should be greater than 3.

If a case occurs in which edge effects are 
important, i.e., TIB(1) or T/B(2),

some other method should be used, e.g., X(109).
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5. THE COMPUTER PROGRAM

The simplified weapons evaluation model described here is sufficiently broed

to cover almost all problems that arise in the field of nonnuclear weapons evalua-

tion. The FORTRAN program is dinsigned to compute the solutions to most of the

effectivenevs problems discussed in Secs. 3 and 4. After describing the inputs

and computational methods that are generally used for all problem types, we con-

sider each problem type that involves different inputs or different methods.

This section has been planned to permit the user to run the program withcoit

referring to previous sections. In the event that further investigation is desired,

however, the appropriate references are given for each case discussed.

5.1. GENERAL CONSIDERATIONS

The following list provides the inputs required for the program, with ref-

erences to the sections in which these inputs, their uses and restrictionsi are

described. Odd integers in the inputs denote a parameter in the x (range) direc-

tion; even integers denote a parameter in the y (deflection) direction.

FORTRAN
Inputs Description Reference

A3,A4 Target area dimensions 5.1.1
B3,B4 Impact-type target dimensions 5.1.5
R1,R2 Fragment-type target parameters 5.1.5
D,D2 Fragment-type target parameters 5.1.5
CL1,QO Dispenser range ballistic parameters 5.3
GCL3,GCL4 Rectangular pattern half dimensions 5.4
ETIET2 Elliptic pattern semiaxes 5.4
WI,W2 Elliptic annulus inner semiaxes 5.4
Ul,U2 Number of integration steps 5.1.4
S01,SU2 Target offsets 5.1.1
$I,$2 Ballistic error standard deviations 5.2
S3,S4 Ballistic error standard deviations

for dispenser 5.4
T1,T2 Aiming error standard deviations 5.1.2
A(J),B(J) Individual weapon aiming point 5.1.3
NX4J,NXBJ Flags for aiming point pattern 5.1.3
D,DF Spacing between successive weapons 5.4
N,NB Number oi weapons, number of

subweapons 5.4
SP Probability of kill if hit,

weapon reliability 5.1.5
R Dispenser reliability 5.4
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5.1.1. Target Area: lnot'ts A3, A4, SUI, SU2

The target area in all cases considered is a rectangle with dimensions A3 in

the x (range) direction and A4 in the y (deflection) direction. The inputs A3

and/or A4 may be zero. The center of the target area may be offset from the aim

point at SUI, SU2, where SUI is the range offset and SUL2 is the deflection offset.

5.1.2. Aiming Error: Inputs Tl J2

The aiming error distribution is assumed gaussian (see Sec. 3.2.1) with stan-

dard deviations Ti ard P2 in x and y, respectively. In terms of REP and DEP,

AREP=.6744T, ADEP=.6744T2. If T1=T2-T, then CEPl1.1774T.

5.1.3. Aiming Point Array: Inputs A(J), B(J), D, DF, N

The aiming pattern is the array of the N desired center of impacts [A(J),B(J)],

J=1,2,...,N. (See Sec. 3.1.) The points are so defined that ZA(J)=O,EB(J)-O. The

pattern may be a direct input or may be calculated. If the flag NXAJ-O, a direct

input for the A(J)'s Is called for and D must be 1; if the flag NXBJ--O, the B(J)'s

are called for and DF must be 1. If NXAJ=l, the A(J)'s are calculated, using the

uniform spacing D; if NXBJ-1, the B(J)'s are calculated, using the spacing DF.

5.1.4. Integration Routine: Inputs U1. U2

The basic integration problem (see Sec. 2.3) is the evaluation of the double

integral

(5.1) i=.' K(x,y)h / A (!)Nh 42 )dxdy

where K(x,y) is a nonnegative integrable function never larger than 1; A(l) and

A(2) are the target half dimensions; and h(x,A) is the function defined in Eq.

(2.19) as

(5.2) h(x,A)-- I (x+s)dz,

where g(x)- exp(-x 2/2)/J-.
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We note the limits

lim h(x/ZA/T) cz(n).2
l T 2A--T-'o 0 i rAIr ixl>A,

(5.3)

lir h(x.A)-g(x).
A-*O

In order to uce a numerical integration routine, we mtw.t truncate ." inte-

gtals in (5.1) through an appropriate choice of the truncation limits E(1) an'i

E(2), obtaining the axpression

E(l) E(2)
(5.4) IJ f RX,Y)h (, ~4 dxdy + c

-E)-E(2)

where s ! is the truncaticn error. To obtain E(1) and E(2) we consider in turn

two possible choices for truncation limits. The first set, f(3) and '(4), are

based on the fact that K(x,y)<l. For truncation limits E(3) artd E(4), the corre-

spouding truncation error £2 is

(5.3)C ' __

CO AlY
(53£2s 4j~(3 h-7T(l) (4)j (2)d

s['E( ) E(4)) (2

where H(',A) is defirned as

x

and is evaluated by Eq. (2.20). We determine E(3) and E(4) satisfying the

inequalities
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Q,,

1-1A'k(4) -4

,T(2))

Thus the truncation error e2 is

(5.7) C. :4(10)-8 .

The second set E(5) and E(6) is based on the fact that

r h(x,A)dx-l.

Thus for truncation limits E(5) and E(6), the truncation error £3 i

(5.8) C 2 max K~~),max )~

We determine E(5) and E(6) for eacn function K(x,y) sntisfying the inequalities

max -4

(5.9)
max -4
I >E(6)K(x,y) lO,

so that the truncatio, error c3 is

-43 s4(10)

The truncation limits E() and E(2) are chosen as

E(1)-min(E(3) ,E(5)),

(5.10)

E(2)atmin(E(4) ,E(6)).

The truncation error c is thusI
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C1 s.max(C 2 9C3 )"

In the numerical integration routine, we choose the numbcr of integration

stetps 2U(I) in the x direction and 2U(Z) in the y direction. The respective step

sizes e(l) and e(2) are thus

(5.11) " ) "-E(2)

where E(l) and E(2) are diven in (5.10). We designate the centers of the inte-

gration rectangles by [x(j),y(j)] and let

S(2.j- l)- if j:U(8,,

x(j)= .el

[r2.j-1-2u(M T1) if j>U(1),

(5.12)

(2 1)f(2) if j >(2),

[2-1-2U(2)1f j>(2).

The integral I in (5.4) is thus given approxitately by

Replacing K(E.n) by its value at the midpoint of the integration rectangle,

we find that

( 2Ufl) 2U(2) .z(j)+.(1)/2
(5,14) z- . X(;(o),Y(k))] J2 11 2h 41N' - Md' '\ r-

J-1 k= X(j) -0(1)/2

x y(k)'+e(2)/2 h (n 421

y(k)-e(2)/2 (2)

I
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When we use the expression (5.6) fnr i(/,'), we -)btain for 1

(5.15) 1= 21(1) U(2) 11 . () A(1 (x " e(I) A(L)
j=1 k=i [ 2 T(1 )/J

A (2)) 2

[Y~~~ ~ ~ (y("'"q-- ) -1'yM -e (2 -/
L2 rT(2) \ 2 T(2),.

We deffne tihe function P(x,y,l,) as

(5.16) P (X , y, 0) =t (x -,4 ,L) )-11(x-y , L) .

Then, I from Eq. (5.15) ig

2 U( i ) zU ( 2 ) x j ,~ ) A 1(5.17) 1 -- I K(x(j),y(k )',)F '  (')F( M (2) A(2)
j=1 k=1 2 'T(i) " 2 P(2) /

In terws oi 'le FORTRAN symbols, the integral I is

2U1 2U-)AI
(5.18) 2W' . S) EI .AINF ('St 2

(5.18) I= k6(x(j),y(k))FP(x(a) -F, \()' 2 'T2 "
j=1 k=1

If K(',y) is symmetric in either x or y, the sum in (5.17) need only be taken to

U(I) or U(2). If symmetric in both x and y, we obtain

U1(1) 11(2) el ( ()
(5.19) 1=4 K (x(j), ))F(x(j) ) F (2) A(2)j=; ' 2 '7(2))

Equations (5.17) and (.19) are the basis for the integration routine, subroutine

A50. For one dimension, the expressions are single sums and are the basis for

the single In:tegration routines.
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5.1.5. Damage Functions: Inputs SP, B3, 1_4, RI. R2, D1, D2

Two types of damage functions are used (see Sec. 2.1). We define an impact-

8enoitie target as one for which there is a definite geometric figure (in our

case a rectangle of dimensions B3, B4), which must be impacted by the weapon or

subweapon. A target for whic., a vulnerable area is given thus belongs in this

category. The input parameter SF is the probability of damage if hit. When we

define Bl- B3/2,B2-B4/2, D is given by

(5.20) D(x,y)- 1SP if-Blx:7Bl,-B25y<B2,

0o otherwise.

We note that B3 and 4 are the dimensions in the ground plane.

We define a fragment-sensitive target as one for which a significant portion

of the damage effect is due to the fragmentation of the weapon. Usually, the

damage function is determined as a damage matrix using a "lethal area" program.

This damage function is approximated by an exponent.ial function (see Sec. 2.1) of

the form

(5.21) D(x,y)=SP. D1.D2 exp [---+ 2  |.\RI 2 R22 /

The parameters Dl, D2, RI, and R2 are inputs to be obtaiaed from empirical data.

First, we require that wRl*R2=MAF, where the MAE has been determined by some other

method. The ratio of RI to R2, or the ellipticity of the damage function, may

be calculated or estimated. The initial values Dl and D2 will usually be set equal

to one. In this case the input parameter SP is the reliability factor for the in-

dividual weapon.

5.2. RIPPLE OF BOMBS: INPUTS SI, S2, N

We consider a ripple of N weapons delivered with a common aiming error ac-

cording to an aiming point pattern. Each weapon is aubject individually to a

ballistic error according to a gaussian distribution with standard deviations
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SI and S2. The inputs SI and 52 may be zero. Again, in terms of REP and DEP,

BREP-.6744SI, BDEPm.6744S2.

Figure I presents a flow diagram of the computer program for the ripple of

bombs. The fractional -.overages X(I), X(II), X(5), and X(15) are answers to the

problems considered in Sec. 3. The program is described as follows:

0 The fractional coverage for a ripple of bombs against a fragment-ensitive

target is X(II). Pertinent inputs are V1, D2, R1, R2, SI, and S2, which

are obtained from empirical data. The program uses Eq. (3.7).

QDHP

EREAD

DATA

Fig. -- Ripple of Blombs Delivered witn a Common Aiming Error

A
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* The fractional coverage against an inmpat-eensitive target is X(15). This

problem uses B3 and B4 in the computations rather than Ri, R2, D1, and D2.

The program uses Eq. (3.20).

* The fractional cc,,rages X(l) and X(11) are answers to the same problem

when different but equivalent expressions are used; X(5) and X(15) are

also equivalent. However, X(1) and X(5) are restricted to cases in which

the number of weapons, N, is less than or equal to 12. The computation

for N very small is faster and more accurate for X(1) and X(5) than it is

for X"1) and X(15).

* The flag NO is used to skip parts of the program to compute X(i) or X(5).

The code is restricted to the computation of X(1), X(2), X(3), X,4), or

X(5) when NO-O; ihen NO=I, X(1) through X(5) are omitted; there are no re-

strictions when NO-2. The subroutine XR0 computes X(1) through X(3).

Equation (3.13) is used to compute Y(1) and Eq. (3.21) to compute X(5).

a The basic flow of the computer model is the same for X(I1) and X(15). In

subroutine PP, the P(x,j) function has been redefined for X(15). The flag

KUT, which is automatically set and is not a data input, determines which

P(x,j) function to use.

5.3. RIPPLE OF FIXED DISPENSERS: INPUTS NB S2 TABLE OR CLI, QO

We consider a ripple of N fixed dispensers actuated with a common aiming error

according to an aiming point pattern. From each dispenser, NB subweapons are re-

leased. In range, the ballistic dispersion for the subweapons within each dispenser

is given by an empirical table. In deflection, each subweapon is assumed subject

to a gaussian ballistic error with standard deviation S2. The range pattern is

fitted by an approximating function, the stick distribution H(x/QO,CLI/QO), dis-

cussed in Sec. 2.2.2c and App. B, through the use of the two parameters CLI Ind QO.

Figure 2 presents a flow diagram of the computer program for a ripple of

fixed dispensers The fractional coverages X(2), X(12), X(3), Y(13), X(4), and

X(14) are answers co the problems in Sec. 4.1.
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READ

K0ui'=0 RI R2,S1 ,S2

YES< N12-0? ' O1 0K S

WRITE, LIQ
KO,X12 RIR2,SIS21

YS N13=0?SE 
I

YES OX1 A4

CLI ,QO,

KOUT=1B3,B4,SJ ,S2

NlN1=O? N E

K0=1 A501

F~g. 2--Ripple of Fixed Dispensers
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The program is described as follows:

The fractional coverage for a ripple of fixed dispensers agaias: a fragment-

sensitive target is X(12). The inputs are Ri, R2, Dl, and D2; the appro-

priate reference is Eq. (4.9).

* The approximation to X(12) is X(13). The computation involves only a

single integration. It is thus faster than the computation for X(12), but

a degree of accuracy is lost. The appropriate reference is Eq. (4.18).

e The fractional coverage for an inpact-oensitive target is X(14,. The

inputs B3 and B4 ace necessary. The appropriate reference is Eq. (4.13).

. The fractional coverages X(12), X(13), and X(14) use CLI and QO, which

are dispenser range ballistic parameters. If the ballistic data art 'I

tabular form, i.e., CNPTI, and the table is read an an input array, set

CL1-1 and QO=O. The actual values will then be computed.

* The fractional coverages X(2), X(3), and X(4) are the same as X(12), X(13),

and X(14); however, they are restricted to N-I and NB530.

5.4. RIPPLE OF PATTERNS: INPUTS S3, S4, NB, R

We consider a ripple of N patterns, each containing NB subweapons, delivered

with a common aiming error according to an aiming point array for the patterns.

The A(J), B(J) of Sec. 5.1.3 are now the pattern aiming points. Each pattern is

subject to a gaussian ballistic error with standard deviations S3 and S4 and to a

reliability factor R. The NB svbweepons are assumed to be uniformly distributed

within the pattern. In the computationa we had to make one of two assumptions.

The'firot was that the damage level was uniform throughout the pattern. This as-

sumption ignores the edge effects and is valid whenever the pattern area is much

larger (say, 16/1) than the target area 4.B1.B2 or the MAEar.RI.R2. Cases for which

this assumption is made will be designated as "no edge efftcts." For some cases,

the edge effects may be considered if the ballistic error standard deviations S3 and1A$4 are ignored. These cases will be designated as "edge effects."
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5.4.1. Rectangular Patterns: GCL3, GCL4

Consider a ripple of N rectangular patterns of dimensions 2GCL3, 2GCL4, de-

livered with a comaon aiming error according to an aiming point array.

Basically, the flow diagram for a ripple of patterns is the same as that for

a ripple of fixed dispensers. (See Sec. 5.3.) The coverage X(003) for a fragment-

sensitive target, Ignoring edge effects, is computed according to ..4. (4.28). The

inputs, which are derived from empirical data, are GCL3 and GCL4, which are the

rectangular pattern dimensions; Ri, R2, DI, D2, R; and S3,S490. The coverage X(103)

should be restricted to the cases in which GCL3/RI and GCL4/R2 are greater than 5.

If these ratios are not greater than 5, the coverage X(104) for a fragment-sensitive

target, including edge effects (i.e., S3=S4=0), should be used, The coverage X(104)

is computed according to Eq. (4,35).

The coverage X(105) for an impact-sensitive target, ignoring edge effects,

requires inputs B3, B4, and S3,S490. The ratios 2GCL3/B3 or 2GCL4/B4 must be

greater than 5. If they are less than 5, the coverage X(106) for an impact-

sensitive target, including edge effects, should be used. The coverage X(105)

is computed according to Eq. (4.46) and X(106) according to Eq. (4.49).

5.4.2. Ripple of Elliptic Patterns

The flow diagram for the following three cases is the same as that for the

corresponding rectangular cases. The coverage X(107) for a ripple of N elliptic

patterns against an area of fragment-sensitive targets, ignoring edge effects, is

computed according to Eq. (4.59). The coverage X(107) should not. be used if the

ratios ET1/Rl or ET2/R2 are less titan 5. The coverage X(108) for a ripple of N

elliptic patterns against an area of fragment-sensitive targets,'including edge

effects, should be used instead. The coverage Z(108) is computed according to

Eq. (4.65).

The coverage X(109) against an area of impact-sensitive targets, ignoring edge

effects, is computed according to Eq. (4.70). The coverage X(09) should not be

used if the ratios ETI/BI or ET2/B2 are less than 5; S3 and S4 should not be zero.
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5.4.3. Ellintic Annulus Patterns:_ET1 ET2, W., W2.R

We consider a ripple of N elliptic annulus patterns that are delivered with

a common aiming error according to an aiming point array. The axes of the outer

ellipses are ETI and ET2, while those for the inner ellipse are WI and W2. The

computation for the elliptic patterns involves the elliptic coverage function,

which is time consuming. In each of the following cases, a circular approximation

is given, an approach that is fast and in many cases gives a very close approxi-

mation. Further, if we are dealing with circular patterns, we may use these

approximations in place of the elliptic patterns of the previous section by setting

the inner radius to zero.

The coverage X(11O) for a ripple of N elliptic patterns against an area of

fragment-sensitive targets, ignoring edge effects, is computed according to Eq.

(4.79) if the flag NIlO-i. If the ratios ETI/RI. ET2/P2, WI/RI, or W21R2 are less

than 5, it is preferable to use Xill), which takes edge effects into account.

4 For the special case in which the ellipses are circles, Rl-R2 and S3=S4, the

special approximation may be used if the ratios ET/S3 and Wl/S3 are larger than

3. In this case, the coverage X(lO0) for a ripple of N circular annulus patterns,

ignoring edge effects, is computed according to Eq. (4.81) if the flag NlOO=l.

Again, we may use X(lO0) at times in the elliptic case by converting the ellipses

to circles of the same area and converting the ballistic errors to the circular

case as above.' Likewise, X(100) may be used in place of X(107) under the same

restrictions by setting the inner radius to zero. The coverage X(ll) for a ripple

of N elliptic patterns against an area of fragment-sensitive targets, considering

edge effects, is computed according to Eq. (4.82), if the flag N111-1.

For the special case in which the ellipses are circles and Rl-R2, the coverage

X(IOl) for a ripple of N circular annulus patterns against an area of fragment-

sensitive targets is computed from Eq. (4.84) if the flag N1l1-. We can use X(1Ol)

under these conditions in place of X(108) by setting the inner radius equal to zero.

The coverage X(112) for a ripple of N elliptic annulus patterns against an

area of impact-sensitive targets, ignoring edge effects, is computed according to

[I



-64-

Eq. (4.85) if the flag N112-1. In general, X(1I2) should not be used if the ratios

ET1/BI, ET2/B2 are less than 5. If the ratios Wi/BI or W2/B2 are less than 5, it

is better to set WI and W2 to zero and use X(109).

For the special case in which the ellipses are circ]es, i.e., ET1=ET2 and

W1=W2, and the ballistic error is circular, i.e., 83=S4, a special approximation

may be used if the ratios ETI/S3 and W2/S3 are larger than 3. In this case, the

coverage X(102) for a ripple of N circular annulus patterns against an area of

impact-.sensitive targets, ignoring edge effects, is computed according to Eq. (4.87)

if the flag N102=1. The same restrictions apply as for X(112) for the ratios

ETI/BI, ET2IB2, WI/BI, and W2/B2. Since the computation time for X(102) is much

smaller than for X(112), It is sometimes worthwhile to use X(102) even in the el-

liptic case by converting the ellipses to circles of the 5ame area, and by con-

verting the ballistic error to a circular case, letting S-S3=S4 be the equivalent

ballistic standard deviation in both directions. Likewise, we can use X(102)

in place of X(109) under the same restrictions by setting the inner radius to

zero.

5.5. SUMMARY

The following tabular listings summarize the problems that are coded and pro-

vide a reference for further information.

RIPPLE OF BOMBS, SEC. 5.2

Output Desription Reference

X(ll) Fragment-sensitive target Eq. (3.7)
X(1) Fragment-sensitive target; limited to the

case of N512 Eq. (3.13)
X(15) Impact-sensitive target Eq. (3.20)
X(5) Impact-sensitive target; limited to the

case of NM52 Eq. (3.21)

NOTE: The computations for X(!) involve no numerical integrations,
merely a finite sum. It is very fast and more accurate than X(I1) if
N is small.
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RIPPLE OF FIXED DISPENSERS, SEC. 5.3

F Output Description Reference

X(12) Fragment-sensitive target Eq. (4.9)

X(2) Fragme"i-sensitive target; limited to the
case of N-i and NB530 Eq. (4.11)

X(13) Approximation for X(12); faster in compu-

tation time, but not as accurate Eq. (4.18)

X(3) Approximation for X(12); limited to the

case of N-1 and NB530 Lq. (4.19)

X(14) Impact-sensitive target Eq. (4.13)

X(4) Impact-sensitive target; limited to the

case of N-i and NB530 Eq. (4.14)

RIPPLE OF RECTANGULAR PATTERNS, SEC. 5.4.1

Output Description Reference

X(103) Fragment-sengitive target, no edge effects Eq. (4.28)

X(104) Fragment-sensitive target, with edge effects Eq. (4.35)

X(105) Lpact-sensitive target, no edge effects Eq. (4.46)

X(106) Impict-seniitive target, with edge effects Eq. (4.49)

RIPPLE OF ELLIPTIC PATTERNS, SEC. 5.4.2

Output Description Reference

X(107) Fragment-sensitive target, no edge effects Eq. (4.59)
X(108) Fragment-sensitive target, with edge effects Eq. (4.65)

X(109) Impact-sensitive target, no edge effects Eq. (4.70)

RIPPLE OF ELLIPTIC ANNULUS PATTERNS, SEC. 5.4.3

Output Description Reference

X(IIO) Fragment-sensitive target, no edge effects Eq. (4.79)
X(1I1) Fragment-sensitive target, with edge effects Eq. (4.82)

X(112) Impact-sensitive target, no edge effects Eq. (4.85)

RIPPLE OF CIRCULAR ANNULUS PATTERNS, SEC. 5.4.3

Output Description Reference

X O0) Fragment-sensitive target, no edge effects Eq. (4.81)
X(IO1) Fragment-sensitive target, with edge effects Eq. (4.84)

X(102) Impact-sensitive target, no edge effects Eq. (4.86)
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5.6. QDHP PROGRAM INPUTS

The entire data deck for the QDHP program is read as an array. Space has

been provided for up to i200 entries. A brief description of the entries follows.

Data (1)-PRO=number of problems to be processed.
Data (2)-CN-number of weapons.
Data (3)CNB=number of bomblets per dispenser.
Data (4)-CNVI-number of intervals in the ballistic pattern density distribution

table plus 1.
Data (5)-CXAJ- if the aiming pattern offsets in range are uniform;

-0 if the aiming pattern offsets are not uniform and must be read in.
Data (6)-CXBJ-l i the aiming pattern offsets in deflection are uniform;

-0 otherwise. Must be read in.
Data (7)=CNPT-= if there is a ballistic distribution table to be read in;

-0 otherwise.
Data C8)GCN1Pl if the distribution of the density values in the ballistic teble

is cutcrilative;
-0 otherwise.

Data (9)-PIMP-the number of weapons per DPI (desired point of impact). This al-
lows more than one weapon to be assigned per DPI; i.e., CN/(FTMAPhASS)
must be an integer z 1. FIMP*AJJ must equal CN if the weapons are
being dropped one at a time.

Data (1O)-ANNO-a special flag to skip parts of the program. Set w 0 to compute
any X between XGl) and X(5). Set = I to compute any other X and
set - 2 to compute a combination of X(1) through X(5) and any other
X values.

Data (l1)-ANI-1. Compute X(l). Otherwise, set to 0. This definition of 1 that
means "compute" and 0 that means "do not compute" is followed for
all flags on the X values. The AN number corresponds to the X num-
ber to be computed. X(1) is used for fragment-sensitive targets.
Restriction CNS12. For larger CN, use X(11).

Data (12)-AN2-1. Compute X(2). Case of a long, narrow, fixed, dispenser-type
pattern. Eestrictions (CN-1, CNB530). Otherwise, use X(12).

Data (13)-AN3-1. -iPute X(3). An expansion case of X(13). (CN=1, CN530).
Data (14)"AN4-1. Coi.. Oe X(4). Used for a dispenser pattern against a hard tar-

get. (CN.- CNB30). Otherwise, use X(141.
Data (15)=AN5=1. Compute A.' . Impact-sensitive target. (CN4). Otherwise,

use X(05).
Data (16)fA1110=1. Compute X(1O, Hand method. Rarely used.
Data (17)=ANII-1. Compute X(1l). -d for fragment-sensitive target with CNa13.
Data (18)-AN12-l. Compute X(12). Us- 'or a fixed dispenser weapon against a

fragment-sensitive target. "ads RI, R2, Cl, QO, S1, and 52 inputs.
Data (19)-AN13-1. Compute X(13). An approx. 'ion to X(12). One assumes a uni-

form distribution of the bomblets range over the distance 2xCL3
and a gaussian distribution in defleL.

Data (20)-AN14-1. Compute X(14). Similar to X(12) for 'xed dispenser pattern
against a hard target.

Data (21)-AN15-1. Compute X(15). Used for impact-sensitive tai Needs B3
and B4 inputs, the target dimensions. (CN>4).

Data (22)=A100=1. Compute X(O0). Case of a ripple of dispenser i with .qh-
nut or circular pattern. Used for fragment-sensitive target .
no edge effects.

Data (23)=AIOII. Compute X(0O1). Fragment-vensitive target with edge effe:ts.
Data (24)-A102-1. Compute X(002). Vulnerable area, no edge effects
Data (25)=A103-1. Compute X0103). Series of rectangles. fragment-:;isltive target,

but no edge effects.
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Data (26)-AI04-1. Compute X(104). S3 and 4 must equal 0. Series of rectangles,

fragnent-senasitive target with edge effects.
Data (27)-AI05-I. Compute X(105). Series of rectangles, vulnerable area, bur no

edge effects.
Data (28)-AI06-1. Compute X(106). Serie of rectangles, vulnerable area with edge

effects. S3 and S4 set to 0.
Data (29)-AI07-I. Compute X(107). Must have values for S3 and S4. Series of

ellipses, fragment-sensitive target, no edge effects.

Data (30)-A108-1. Compute X(108). S3 and 4 equal 0. Series of ellipses,

fragment-sensitive target with edge effects.

Data (31)-A109-1. Compute X(109). S3 and 4 must Le > 0. Series of ellipses,

vulnerable area, no edge effecto.
Data (32)-AI1O-1. Compute X(110). S3 and S4 must be > 0. Elliptical annulus,

fragment-sensitive target, no edge effects

Deta (33)-Allll. Compute X(111). S3 and 4 must be 0. Elliptical annulus,

fragment-sensitive target with edge effects.

Data (34)-A112-1. Compute X(112). S3 and S4 must be > 0. Elliptical anntlus,

vulnerable are&, no edge effects.
Data (35)-D-desired spacing in range in feet between bombs.
Data (36)-DF-desired spacina in deflection in feet between bombs.
Data (37)-SP-the product of the reliability factor and the probability of a kill

if hit, providing it is known. Otherwise, 1.
Data (38)-AJJ-number of wing stations ? 1.

Data (39)-A3-target area dimension (length). If you are considering a point target,
A3-A4-0.

Data (40)-A4-target area dimension (width).
Data (41)=B3Mterget dimeraicn for a hard target. Length 1.
Data (42)B4-targer diMension for a nard target. Width a 1.

Data (43)-Sl-bomb ballistic standand error in range. (A fixed dispenser is con-
sidered a bomb.)

Data (44)oS2-bomb ballistic staneard error in deflection.
Data (45)aS3-dispenser ballistic standard error in range.
Data (46).S4-diepenser ballistic standard error in deflection.
Data (47)-Tl-aim standard error in range. ox-REPl.4828.
Data (48)-T2-aim standard error in deflection.
Data (49)-SUl-coordinate of the aim point in the x direction for an offset target.
Data (50)mS02-asame as Data (49) but in the y direction.
Data (51)-Ul-the number of steps used in integration over t quarter of the total

space. In general, Ul8. If CL1 is too 3mall, an increast in U1 will
solve the problem.

Data (52)-U2-U1.
Data (53)-CLl-one-half the length of the dispenser ballistic table.
Data (54)QO-standard error of the tabular values in range of the dispenser bal-

listic table.

Data (55)-Rl-effectivaness radii in range in the case of an MAE type of effective-
ness index, i.e., MAE-.R1.R2. Rlal.

Data (56)-R2-effectivenves radii in deflection. R2zl.

Data (57)-Dl-initial value constant when a Carlton-type damage function is used.
In general, Dl.

Data (58)-D2.Dl.
Data (59)-R-reliability factor for a dispenser, if known. Otherwise, 1.

Data (63)-W~linner seniaxis of a dispenser elliptical annulus in the x dirrction.
Data (61)u&2vinner asemaxis of a dispenser elliptical annulus in the y direction.
Data (62)-Mluouter seniaxis of a Riepenser elliptical pattern in the x direction.
Data (63)-ET outer solaxis of a dispenser eliptical pattern in the F direction.
Data (64)-GCL'a-half the dispenser rectangular pattern dimension in the x direction.
Data (65)-GCL4half the dtspeuser rectangular pattern dimension in the y direction.
,Dtas (66)-UUnmber of integration staps for offset ellipse function. Use 40.
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Data (67)-VV" .arting point for integration for offset ellipse function. Use 0.
Data (68)-AaUM=l if dispanser deliveries against rectangular target areas are to be

computed. X(1O0) through X(112). Otherwise, 0.
Data (1Ol)=A-[A(G),J-l,N] array. Table of aim poinus if spacing (D) is not uni-

form in range. CXAJ=O.
Data (301)-B-(B(J),J-l,N] array. Table of aim points if spacing (DF) is not uni-

form in deilection. CXBJ0.
Data (501)=SVI=SVI(J),J=l,NVI. Intervals on the ballistic table. First value

must be 0. NPT-l.
Data (601)=BPI-BPI(J),J-l,NVI. Density values on the ballistic table. CNCP-O.
Data (70l)-T$,,TI(J),J-I,NVI. Cumulative density values on the ballistic table.

CIcP I.

5.6.1. Input Method Used in QDHP Program

The first card is the number of the firsZ problem to be solved and must

be an integer. It is read in on 15 format. If the user is cut off because of

interval timer overflow before he has processed all hia cases, the process allows

minimum reabsemblage of the data deck without interrupting the run sequence. The

entire data array is read in or. format (511,I7,5F12.11).

The first five entries are flags to read or skip a data field on that card.

A blank or zero means riad and store, and a one means skip the field. This system

of reading data allows the user to read in only the inputs thac he wishes changed

for subsequent runs. In the second field of each data card is the index of the

first data item on that card. The data are read five items per card. For ease

of keypunching, left adjust all data items. A minus sign in column 8 of the last

data card of the data deck is essential to mark the end of the set. To run ad-

ditional cases, add the data cards with the changed parameters and the appropriate

flags in columns I through 5. The last changed card will have a minus sign in

column 8.

The listing on the opposite page presents typical data entries for three

cases; the computer program for the simplified weapons evaluation model follows:
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Columns

1-5 8 10-12 13 14-24 25 26-36 37 38-48 49 50-60 61 62-72
6--- . '-_

I ± PRO ± CN ± CNB ± CNVI ± CXAJ
6 CXBJ CNPT CNCP FIMP ANNO

11 ANI AN2 AN3 A114 AN5
6 ANIO ANII AN12 AN13 AN14

21 AN15 AIOO AIO1 A102 A103
26 A104 A105 A106 A107 A!8
31 A109 AlIO AI A112 D
36 DF SP A.JJ A3 A4
41 B3 B4 SI S2 S3
46 S4 TI T2 Sul SU2
51 U1/ U2 CLI QO RI
56 R2 DI D2 R WI
61 W2 ET1 ET2 GCL3 GCL4
66 UU5 VV5 ANUM

101 A
301 B
501 SvI
601 BPI

- 701 TI
10011 46 TI T2
10010 I ZN
11101 6 FIM
10011 - 46 TI T2

I ,
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5.7. COMPUTER PROGRAM FOR SIMPLIFIED WEAPONS EVALUATION MODEL (For system 360/65).

C UPDATED MASTER DECK QDHP PROGRAM RM-5677 AS LOADED ON DISC AT RAND
DIMENSION A(200)tBt20O)9A22(200)t822(20019DATA( 1200)
DIMENSION SVI (100) ,PI (I00),TI(l00)
COMMON DATA
COMMON SE4tSE3,U3tU4,L,SQ1,SQZQ1,QZCL2,PI ,SPI SQ3,CCL3,AT1,AT2
COMMON RS1,BS2,SE12,SE22tS5,C45,SW3,SW4,ST1,SU3,SU4tAL1,AL2tSWI
COMMON FCL3tFCL4,ESlES2tERI ,ER2tET8ItET82,WRIWR2,WB1,WB2tWSIWS2
COMMON A229B22,AltA2,B1#B2
COMMON SQR2, SP12,PI2*AJMXBJMKTU1,TU2,Tl2,T22
COMMON R329RDItRD2tSPRPSW12,SW22tSRR
COMMON SNIOOSN1O1,SN1OZSN11OSN112,X112
COMMON XIOOX 1OlX102,X103,X104,X105,K106,X107,KIOSX109,XI 10, .111
COMMON NI00,N1O1,Nl02tNtIONl12vINUM
COMMON KKtKOUTKO0,KOtK11eLU3tLU4,NNBLUS
EQUIVALENCE IDATA(1)tPRO),(OATA(2[tCN),(DATA(3),CNB).(DATA(4),CNVI
I ) ,(DATAI )tCXAJ),(DATA(6),ZX8J), (DATA(7),CNPT),(OATA(8),CNCP).
2 (OATA(9),FIMP),(OATA(10),ANN0O ,(DATA(11h#AN1)tDVATA(12),AN2),
3 (cATA(13),AN3)tOATA(14),AN4)t(DATX(15),AN5),(DATA(16)tAN10),
4 (DATA(17),ANI1), (DATA(I) ,AN12) (DATA(19),AN13), (DATA(20),AN14),
5 (OATA(21) ,ANI5) ,IOATA(22) ,A100),(OATA(23)tAIO1)dIDATA(24),A102),
6 (DATA(25htAI03),(DATA(26),A104) ,(DATA(27),AIOS)d(DATA(28),AI06),
? (DATA(29),AlOT)t(DATA(30),AlOS),(DATA(31)tAI09) ,(DATA(32),AlIOI
EQUIVALENCE (DATA(33),A111 ),(DATA(34)tAI11),ATA(35),D),(DATA(36)
I tDF),(DATA(37),SP),(OATA(38),AJJ)9DOATA(39),A3),(DATA(40),A4),
2 (DATA(41 ),63),(DATA(42)t84)t(DATA(43),S1),(DATA(44)tS2),t('ATA(45)
3 tS3),(DATA(46),S4)t(OATA(47)tT1),WDATA(48),T2bIODATA(49)tSU1)t
4 (DATA(5O)tSU21tiOATA(51),Ul),(DATA(52)oU2)t(DATA(53),CLI),
5 (DATA(?54)Q0),(OATA(55),RL),1DATA(56),R2)t(DATAt5?7),0l(DATA(58)
6 t02) (OATA(59)tR), (OATA(60),Wl), (DATA(61),W2), (DATA(62),ETI),
7 (OATA(63),ET2)t(DATA(64)tGCL3h(1DATA(65),GCL4I
EQUIVALENCE (DATA(66),UU5).(OATA(67),VV5),(DATA(6SbtANUMI
EQUIVALENCE (DATA(101 ),A), (DATA(301),B),(DATA(501),SVI),(DATA(601)
I t8PIbv(DATA(7O1)qTI)

2 FORMAT (SF10.4)
3 FORMAT (1H0,6XtlHD9XZHDFt$Xt2HSP,9XIHN,9X,2HNR,7X,3HNVI ,TX,3f4NN4
1/3F10.2,4ll0)

4 FORMAT (1HO3Xtl3HALL AU) * 0.)
5 FORMAT (IHO3Xt13HALL 61J) - 0.)
6 FORMAT16E20.8)
7 FORMAT(2A4.1~tI1,
8 FORMAT flHlvlK,21lO96I5J
9 FORMAT £1H05Xt3HCL1,TX,2HQ0.6K,2HU3,6E,2HU4,6X,3HSE3o?X3$SE4,9x.1
1HE,9Xt1HCIIH 2XtSF10.5)

10 FORMAT (lHO,4XZHA3tCX,2HA4t$Xt2HB3,SX,2HB4,SX,2HSltSK,2HS2tSXtHS
13t8X9,2MS4/8F 10*4)

11 FORMAT tlH0.4X,2HT1,8X,2HT2,1K,3HSU1,7K,3HS4.,2,SX,2HU1,SX,2HU2,8Xt2
lHL eo8X, 2HQO/8F 10.4)

12 FORMAT IHO3X,4HA(J))
13 FORMAT f1H03Xt4Hb(J))
14 FORMAT (1615)
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15 FORMAT(IH05X,4HX4X1),6X,4HX(2),6X,4HXf3),6Xt4HX(4)6X4H(IS)//4X,5F
110.6)

16 FORMAT (1H05X,6FI0.6#3EO.8)
17 FORMAT(lHO5X,5HX(l0),5X,511X(11),5X,5HX(12),5X,5HX(13),5XSHX(14),5
IX,5HX1153,5XSHX(30)//4XTF1O.6//1H 5X#6HX( 100),4X#6HX(I0I) ,4X,6HX
2(.02) ,4X,6HX( 103) ,4X,6HE 1104) ,4X,6HX (105 ),4Xt6HX( 106)//4X, iF 106/I
3114 SA6HX(107),4X,6HX(108),4X,6HX(109),4XI,6HX(110),4X,6HX(111),4X,
46HX1..12)//4X, ?F10.6)

19 FORMAT (1H0,4X,3HITl,7X,3HET296X,4HGCL3,6X,4HGCL',,7X,3HUU5,?X,3HVV
15/8F10.4)

22 FORMAT% 1H02X,2HN0,3X,2HNI, 3X,2HN2t3X,2HN3,3Xt2HN4,3Xt2HN5 .51 N10,
15H4 NIIt5H NI?,5H NI3t5H NI4t5H N15/1615)

24 FOR~MAT (1HO,4X,2HRl,8X,2HR2,BX,2H01,GX,2H02,9XIHR,8X,2HWI,8X,2HW2
I/8F 10.4)

25 FORMAT (IHO2X,3H N0,5H N10095H NIO1,5H N102,5H N1C3t5H N10495' NIO
15,54 t41065H N4107,5H4 N1OS95H N4109,5H4 N11095H4 NlIlv5H 4112/1615)

2006 FORMATtlH0111~H EQUJATIONS ARE INCONSISTENT* C~L MUST SATISFY BOTH
ICLt < OR a TO C*SQRT(3.) AND CLI > OR w TO I*/2./AJJ. Q00O./6IH IF
2THE TWO ABOVE VALUES FOR CLI ARE CLOSE, CHOOSE ONE AND GO.)

2007 FORMAT(IHOt6IH CHECK INPUTS AJJ AND FIMP. CN/(AJJ*FIMP) MUST BE AN
1 INTEGER.)

732 FORMAT (1HO,76H THERE IS NO SOLUTION. THE BOMBLET IMPACT POIN4TS
I ARE BUNCHED MORE THAN 114/11 t66H A GAUSSIAN DISTRIBUTION* WE HAVE
2 ASSUMED) A GAUSSIAN DISTRIBUTION,/tH #87h I.E. WE HAVE SET CL~tsO.
3 AND QO=Ct THE STANDARD DEVIATION OF THE TABULAR DISTRIBUTION*)

742 FORMAT (1140,701 THERE IS NO SOLUTION. PROBABLY THE TABULAR DISTR
lIBUTION IS BIMODAL./IH .7714 WE HAVE USED A UNIFORM DISTRIBUTION
2FOR THE RANGE DISPENSER BOMBLEr IMPAC"#1H #474 PATTERN, I.E. WE S
3ET 0030. AND CL1=C*SQRT(3)*)

32 FORMAT(I?)
34 FORMAT lIHOt6X,6HS1VI(J)l
35 FCRMAT (1HO,6Xt5HTI(Jl)
36 FORMAT (IH096Xt6HBPI(J)l
39 FORMAT(11403Xt4HK0 sI5,F1O.6)

00 1003 1 a 191200
103DATA) -z0
103CONTINUE

PI 3.14159265
P12 PI * 2o
jPI SQRT(PIli1SP12 - P !
S0R3 s SQRT(3.1{SQR2 s SQRr(2.)

111CALL DECRD (DAVAI
4NPRO a PRO + .000001
N -CN + .000001
N8 - CNO *.000001
NVI a CNVI+ .000001
NXAJ a CXAJ. .000001
fiKBj a CXBJ. .000001
NPT aCNPT4 .000001
NCPT a CNCP+ .000001
NIMP z FIMP+ .000001
NN4 rAJJ + .000001
INUM a ANUM +*.000001
NO x ANN0+ .000001
NI a ANI +*.000001

N2 a AN? + oO00001
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N3 =AN3 +' .000001
N4 = AN4 + .000001
N5 s V7 000000!
N10 '. ,u+ .000001
NILw ANiI* .000001
N12? AN12+ .000001
N13 aANi3+ .000001
N14 xAN14. .000001
NIS sANIS. .000001
IF(INUM.I:Q.0) GO TO 55
NIOO v A1004 .000001

4N101 £101.I .000001
N102 mAI'2. .003901
N103 z £103+ .000001
N104 x A104+ .000001
N105 A105+ .000001
N106 £ 106+ .000001
N107 = £101. .000001
NI08 a £108+ .000i
N109 x A109+ .000001
N11O a £110. .000001
NIII - £1114 .000001
N112 a A112+ .000001

55 LU5 UU5 .000001
WRITE f6,g) NUMNPRONXAJNXSJNPTNCPTNINPINUM.
IFI NUM.(,T.0) GO TO 57
WRITE (6922) NONlN2,N3,N4,N5,NlONt1,Nl2,Nl3,Nl4vNI5
GO TO 56

57 WRITE(6t25) NONlOONi~iNlO2,N103,Nl04,NlO5,NlO6,NlO7,Nl08,N109v
1NlIONIIiN112

56 WRITE1693) DOFSPNN8,NVINN4
ANN4 = AJJ
ANN3 aCN/(ANN4*FIMP)
IZ xIFIX(ANN3)
AIP n IZ
FP3 aANN3 - AIP
IFIFP3*EQ*0.) GO TO 58
WRITE (6,20071

GO TO 392
58 WRITE(691O) A3vA4983v849Sl9SZS3tS4

WRITE (6,il)TlT2,SUISU2,UlU2,CLIQO
WRITE (6,24) RltR2tDlD2,RWiW2
WRITE (6t19) ETIET29GCL3,GCL4,UJ5,VV5
!FrINPT*EQ*0) GO TO 93
WRITE169341
WRITE (692) (SVI(J),Jw1,NVI)
IFINCPT.EQe0) GO TO 94
hR 1TE46, 35)
WAITEt6,2) (TI(J)9J=ItNVI)
OP1411 a Q
DO 92 K a2,NVI
BPI(K) a TIMK - TI(K-I)

92 CONTINUE
94 WRITE(6,36)

WRITE (6,2) (8P1(J),J=iNVI)
T(IM 0.
00 27 K a 2,NVI
TIMK a TI(K-i)+SPIIK)

27 CONTINUE
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93 SNIOO -0.
SNIOl - 0.
SN102 - 0.
SNIIO -0.
SN112 - 0.
IFIT1.EQ.0.) Tl= .00000001
IF(T2*EQ.0.) T2= .00000001
Atl A3 * .5
A2 x A4 * .5
81 a 83 * .5
82 a84 0.5
CNI a CN - 1.
CN12w ICN.1.)*.5
S12 m Si*S1
S22 a 2S
TUI a TlSUl
TU2 a T2*U2
511 a SUI/Ti

T22 a 12*T2
All a A/IM
AT2 a A2/T2
Sr2 a SU2/12
811 a 81/TI
RI? a P.I*RI
R22 - R2*R2

BSI a 0.

10112 ii 0i.;; 02?
IF(SI.NE*0.) BSI a 81/Si

10 1202 0.D*D
D223 x 0.*

X10 c 0.
X2O a 0.

X30a 0.

KIoB = 0.



XI1c - 0.
XlII - 0.
X112 - ii.
E 0.
C 0.

NRST - 0
CO 300 J x 19N
IP I * (J-11/(NIPP*NN43
CIP aP

IF(NXAJ*Npel) GO TO 1156

FPC a JF CV-N3.,-S
So',3 afD

1199 622MJ a A(J)*AIJ)

IF(N.bJNEG O O179

31AJ~i J (
AJP (AJ(1) /N
FC 32J Z,
IF(J) LT2.AJ-1N? AJNN4* AU)C1o)DF

4$0 -TOF30
3039 922j) s A(J *t
302 CONTINUE

SC3 XA*E~ GOJX-J7)C 179
175 F(NSJ.E.) C TO 1994

SC, a 0,,
GC TC 194

176 JPN - AM1

CC 304 J s 2,N
IF(BIJI.GT.AJPX) GC TC 303
fIF(B(J).L.JI AJPNF a 6(J)
CC TO 304

303 AJPX a A(J)
302 CONTINUE

SC3 a (SJMX-BJPI/CNI
194 1F(NXC3.EG.0. CC TC 1996

177 F(S04.E&I) G TO 1997

GC TO 1995
17396 WRITE (')

GO TO 3791
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1997 WRITE 16,5)
1995 tICLI.NEel.) GO TO 312
TOO SZ a 0.

11IFINPT.EQ.0) GO TO 312
IISUPS -O0

SMLM a0,
KPO a I
00 716 LL - 29NVI
V12 a (SVI(LL) * SVIILL-1))*.5
5AJSM - SUSH V2*SPIILL)
V3 a SV9(LL )*SVI(LL ),SVIILLD*SVI( LL-I).SVI (LL-1)*SVR (IL-1)
SNMP a SO LM + V3/3.*BPIILL)

716 CONTINUE
C a SQRT(SKLM4-SUSM*SUSM)
00 701 K a ItNVI
IFITI(K).GEe.251 GO TO 702

701 CONTINUE
702 J =K

SXI SVIIJ-11 + (SVI(J)-SVI(J-1))*.25-TI(J-1)/(IT(J)-TI(J-1)))
DO 703 K - 19NVI

73IFITI(K).GE..Th) GO TO 704
73CONTINUE

704 laK
SX2 aSVI-)SV()SII1 *(5-I-1)/1II-T(-))
SX3 a (SX2-SXIJ*5
SX3C SX3/C
IF(SX3C*GE*.6'743) GO TO 7028
WRITE(6,7321
GO TO 7085

T028 IF(SX3C.LESQR3*.5+.O0001)) GO TO 7030
WRITEI 6,7421
GO TO 708

7030 IF(ABS(SX3C-SQR3*.5).LEe.0001) GO TO 708
IF(ABS(SX3C-.6?44)*LE..0001) GO TO T08511 ZI a 0.
Z2 C
SZ C*.5

7040 CSI x SQRT13**(C*C-SZ*S'))
CALL FF(0.,SX39CSZSZtAF)
CK a AF-.5
IF(ASCKI.LE..00011 GO To 707
IF(CK.LT.0.) ZI=SZ
IF(CKaGE.O*dZ2=SZ
SZ a (Z1+12)*.5
IF(ASS(l1-12).LE.01) GO) To 707
GO TO 7040

707 QOa Sl
CLI SQRTt3.*(C*C-SL*SZ,)
GO TO 709

708 00 m 0.
CLI a SQR3*C
GO TO 709

7085 CLI a 0.
00 C

709 KPO a 1r312 Q02 wQ0:Q * RI

SPR x SP*PI*RI*R2
501 a SQRTIROI + S12)
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SQ3 - SQRT1002 + RDI)
01 SQRT(SQI*SQI + 712)
S02 aS4RTIR221(Z*O2)* S22)
Q2 - SQRTISQ2*SQ2 + T22)

1800 SSU3 a 0.
SSU4 a0o
AJMX a A8S(SUl - AM1)
BJMX a ASSSU2 - 8(1)3
IF(N.EQ.1) GO TO 3031
00 3030 J v 2,N
ASUI a ABSISUI, - AIJ)
BSU2 - ABSISU2 - 8(JS)
IF(ASUloGT*AJMX) AJMX aASUI
IFISSU2.GToBJMX) BJMX a BSU2

3030 CONTINUE
3031 00 306 J a 19N

NJI N-J+l
SSU3 aSSU3 + AS(A UJI4A(J))
SSU4 *SSU4 + ABS(BfNJl)*B(J))

306 CONTINUE
SIJ3 u SUl SSU3
-SU4 - SU2 + SSU4
KK a I
IF(SU3.EQ*O.) GO TO 3165
U3 - 2.*Ul
GO TO 3166

3165 U3 aUl
3166. IFISU4.EQo.. GO TO 3167

U4 - 2.*U2
GO TO 317

3167 U4 aU2

317 LU3 U3
LU4 U t4
IFITI.EQ..00000001) GO TO 3192
SEI a(4o.AT1)/U1
SE12 SEI * 5
AK aU3
GO TO 313

314 AK * AK - 1.
313 AX - FXJ(AK)

CALL H(AXvAT1vHXL)'
AA -1.- HXL
IF(AA*GT..0001) GO TO 3175
GO TO 314

3175 SE3 x(SE12 + AX)/U1
318 SE2 1 4.+AT2d/UZ

A SE22 SE? * I5
AK a U4
GO TO 3181

3182 AK a AK - 1.
3181 AY = FYJ(AK)

CALL HIAYAT2,HXL)
AA a 1.-HXL
IF(AA.GT..0001) GO TO 3185
GO TO 3182

3185 SE4 alSE?? * AY)/U2
3192 IFINO.EQ.O) GO TO 340

KOUT a0

3002 IF(INUM.GT.0) CALL Zl00(Nl03,Nl04,Nl05,Nl06,Nl07,N108,Nl09,N111)



IF(Nll.EQ.0) GoU TO )24
KO =11
lF(Tl.EW..Oo~oOoL) GU TO 613
GSEI=IAJMqX+4.*SQ1)/TUI
GSI-2 = (BJMX + 4.*SQ2)/TU2
SE12 = AMINI(SE3G5HI,.5c
SE22 = AMINI(SE4tGSE2j*.S

611 CALL A50
610 XlII

34WRITE 16039) KPv,Xll

KO =1?
IF(Tl.Ew..0ooo1) GO TO 773

Gl (AJMX + CLI + 4.*SQ3)/TUt
(;SE2 ItrNX + 4.*SQ2)/TU2
SE12 zAM!NIISt3,GSEI)*.5

SE-22 z AMINI(SE49GSE2)*.5
825 C = (SSR/SQ53CL

CALL A50

WRITE (609) KOX13

25IF(N13.EQ.01 GO TO 334

[FtTI.EQ**0ooooool) GO. TO 3033
GSE2 a (BJMX + B2 * 42/TU2
SE22 = AMINI(SE3,GSF2)*.5

KO2 = 13 N(EGE,.
303CALL A41
80XI) a Z

WRITE (6,39) KIX13
34IFINI5.EQ*o) GO TO 334

KO = 15
IF(TI*EQ*.O0oooool) GO TO 331
GSI a (AJMX + CBI +8 4 4.*00)/Tu
GSE2 x IBJi4X + 82 + 4.*S21/TU2
SE12 z AMINIISE3,GSEI)*.5
SE22 x AM!NI(SE49GSE2)*.S

331 CALL ASO
X15 a
WRITE (6939) KOtX15

335 IF(Nt4.EQ.0) GO TO 336

GSE xL (AJSQRT(CLI + 81 + 3.*SQ)z.2)
CL42 aSQ2*S+g2R3 4*S)/U
CALL FF(SU1,CL3A1ST1,AF
SE2 a A IIS~GE).

331CALL A502,LA,2,F
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Z =ZO *AF
SKC =SP*PI/4.*RI/C13*R2/C14

153 XIO - * K * (I.-(1.-SRC)**NB)
CALL FF(SUbvBI#CL3tT1,AF$
ZO zAF
CALL FF(SU198?,CL4,T?,AF)
Z = 10 * AF
IF(A1.NE.0.) GO TO 1560
X30 a 1. - (l.-SP*Z)**NB
GO TO 336

1560 X30 x 0.
336 IFINO.EQ*1) GO TO 392
340 IF(SO4*NE*Oo) GO TO 392

IF(T1.EQ..o000O001) GU TO 3400
GSEI x(AJMX + B1*4.*Sl)ITUl

340SE12 x AMINI(SE3tGSEl)*.5
340'ALL XROlX1,X2*X3eX4,X5,S03tS04)

WRITE (6915) XL.X29X3tXA.X5
392 WRITE (6,17) X10,XIlXI2S!I3X4X15X30Xl00,XlolXIo2X03:X104,

lXI05,Xl06,Yl07,X106,X1099,-kI0,X111,Xli2
IF(KPO.EQ.0) GO TO 1112

1113 CLI =1.

QO 0.
1112 IF!NUM.EQ.NPRO) GO TO 2222

CALL DECRO (DATA)
NUN - NUN + 1
IF(SN100oNEo0..) N100 a 514100I IF(SN1OL.NE.0.) 14101 - SNI0l
IF(Stk102*NE*0*) N102 SN102
IF(SN1IO.NE.0.) N110 a SNiLO
IF(S?'112*NE.0.) N112 a SN1,i2
GO TO 40

2222 CALL EXIT
END

SUBROUTINE ZIOO(N103,NIOANI05tN106tNt07,NlO~sN109,NI11)
DIMENSION A(200),B(?003,A22(200),B22(2001,DATA( 1200)
COMMON DATA
COMMON SE4,SE3,Ul3,U4,Z, SQISQ2,QItQ2,CL2,PI ,SPI ,SQ3.CCL3tATItAT2
COMMON BS1,8S2,SE12.SE22,SSC45tSW3, SW4, ST1,SU3,SI'4,AL1,AL2,SWI
COMMON FCL3,FCL4,ESItES2,ER1,ER?, ETBliFTB2,WR1,WR2,WBIW82,WSIWS2
CON1MON A22,B22,AI*A29B1,B2
COMMON Sr,,2,SPI2,P12,AJMX,8JMXTU1,TU2,Ti2,T22
COMMON R32vRD1,RD2vSPRtSWI2tSW22qSRR
COMMON SNLOOSN10lSN102,SN11OtSN112,X11Z
COMMON Xl00,XlO1,XlO2,XlO.3X04Xt5eXIO6,X107,Xl08,X109,XI10,XI11
COMMON NIOONIOI9N102#NtlONl1ZINUN
COMMON KKKOUTKOOKOKI1,LU3,LJ4,NNOLU5
EQUIVALENCE (OATA(33),AIItlb(OATA(34),A112) ,(DATA(35).0) ,(DATA(36)
I ,OF),(DATA(371bSP)t(DATA(38),AJJ),(DATA(39)tA3)t(DATA(4403A4),
2 (DATA(41) .83) ,(DATA(42b8641,(DATA(43),Sl),(DATA(44),S2),(OATA(451
3 ,S3),(OATA(46)tS4) ,(DATA(41)*Tl),(DATAI48),T2)9(nATA(49),stit)t
4 IOATA(50)tSU2),(OATA(51)tUU,(OATA52)tU2,IC1ATA(53),CL1),
5 (DATA(54) ,QO) ,(DATA(55),Rl),(DATAt56)tR2),(DATA(57)D)(ATA(58)
6 ,02)t(OATA(59)tR)t(DATA(60htW1),(DATA(611,W2),(OATA(62)tETI),
7 (DATA(63),ET2), (OATA(64),GCL3),(OATA(65),GCL4)
EQUIVALENCE (DATA(I01 ),A), (OATA(30I)tB)

2 FORMAT (8ffl04)
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6 FIRMAT16F20.81
15 FORMAT IHO,3X,35f1GC13 AND GCL4 MUST OF > U. FOR KO =14)
10 F0IRMAT( 1H03X,3IISWlBX,2H5S5,PXdHRl3/8F10.4)

~ P~) F ORtA I ( IHO )X,41iK('- .IPtF 10.05
~3 FfRMA(HO X,.HS3l OR S4 INvuTS, ARE Nflr VALID FOR KO =14)

111F VALID, USE KO-I CASE.
2001 FIJRMAf(IH0h'Xq,H NLOONIOINIIONII2 tl4VE [SEEN SET TO ZERO BECAUSE

I11U. MIN(ETt/RI.,ET2/R2) WAS Lf- '

2001 FORgMAT ILH02XI7H NI00PNlO1,N1f)2,NUt0 HAVE BI-IN s~r ro ZFR(J BECAUS

!0o3 FORMA[ 111102X95711 N1OO,NIJ2 HIAVE al-EN SET TO ZERO BECAUSE SW2/S5
11S tL 3.)

2004 F0KMAI(lfHO2X,1U5H N102,NI12 HAVE BECN SET 10 ZERO BECAUSE EITHER
I.TI1U MINIETL/81,ET2/82) OR THE MIN(WI/HIW2/B2) WAS LE 5.)

~','05 FORMAM(HO?X97AH RATIO OF' SWI/Si IT 3. BUT GT. 0. GIVES TOO GRLAT
IAN ERROR POtI X100,XIOIX1.02.)
R3 = SIRflRI*R2)
R12 = R3 * R3
5= S~Rfk(Si*S4)

~ tIF(S'i.EO.D,.) S'i = .1
S52 =S5* S5
SWi z SORT(ET1*ET?)
SWI = SQRT(Wk*W2)
SW5 SW2/S5
WS14 s SWI/S5
IF(WS14.EQ.~o. GO TO 1001
IF(WS149GE.3.) GO TO 1001
IF(NI0oEQ.I) GO TO 1002
IF(N101.EU.1) GO TOi 100?
IF(NIO2oNE.I) GO TO) 1001

1002 SNI00 z N100
SN101 = N101
SN102 =N102

N N100 x0
N101 a 0
NIO? a 0
WRITE (692005)

10031 SW12* SWI*SWI
SW??2c SU2*SW2
WRITE f69301SW1,S5,R3
SSR z SP*SPI*RI
SRR z SP*R1*R2
S4ft8 z SP*4.*B1*B?
SWSH a SW2Z-SWI2

)002 kRI a ETI/RI
t2=ET2/R2

ETHIsa FTI/61
ETU82 aET2/82
WRI x WIhUl
WR2 a W2/R2
WB1 a WilBl
W02 aW2/52
ER = ANINIIER1,ER2)
WR x AMIN1(WRI#WR2)
EB z AMNNIUTB19EMI2
WS z AHINIW6ItW2)
IF(S3.EQ.0.) GO TO 3000
IFIS4*EQ.0.1 GO TO 3000
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WSI = W1/S3
WS2 a W2/S4
ESI - ETI/S3
ES2 a FT2/SA
GO TO 3001

3000 ESI = 0.
ES2 = 0.
WS1 a 0.
VS2 a 0.

3001 IF(ER.GT,5.) GO TO 3086
IF(NLOOaEQ.1) GO TO 3006
IF(NIOIEO.I) GO TO 3006
IF(NIIO.NE.1) GO Tn 3086

3006 SNIO0 = N100
SN1OI - N1OI
SNIIC x NIO
NO0 = 0
N101 = 0
NIO = 0
WRITE (692001)

3086 IF(WR.(T.5.) GO TO 3087
IF(WR.EQ.O.) GO TO 3087
IF(SWI.EQ.O.) GO TO 3087
IF(NIOO.EQ.13 GO TO 3007
IF(NIOI.EQ.I) GO TO 3007
IF(NIO2.EQo.) GO TO 3007
IF(NIIO.NE.I) GO TO 3087

3007 SNiO0 = N100
SNIO NT.O1
SN102 N.O2
SNIIO N N110
N101 = 0
NIOl a 0

N102 x 0
N110 z 0
WRITE (6v2002)

'087 IF(SWS.GT.3.) GO TO 3088
IF(NIOO.Q.I) GO TO 3008
IF(NIO2.NE.I) GO TO 3088

3008 SNIO N100
SN102 - N102
MOO0 0
N102 0
WRITE (6,2003)

3088 IF(NlO2.Q,)GO TO 3090
IF(NlI2.NE.I) GO TO 3192

3G ?J IF(EB.LE.5.) GO TO 3089
IF(WB.GT°5.i GO TO 3192
IFISWI.EQ.O°. GO TO 3192

3C89 iN102 NI02
,N4I12 - N112
N102 = 0
N12 a 0
KMITE (6,2004)

3192 IF(NIOO.EQ.O) GO TO 3265
Kn 100
C45 (1.-(1.-SP*R32/SWSW)*ONB) * R

5210 IFISW1.EQ.0.) (O TO 4531
SW3 = SQ(;T(-.+SW12/S52)



GO TO 4532
4531 SW3 = 0.
4532 SW4 z SIRT(-1..SW22/SSZ)

IFITL.1Q..00000001) GO TO 4533
GSE1 a (AJMX + ETI +4.*S3)/IPJ1
GSE2 = tIbJMX + El? + 4.*S4)/TU2
SIE12 xAMINI(SI-3tGSEI)*.5
SE22 a AMIN1(SE4tGSE?)*.5

4533 IFISW1.EQ.0.) KO0 - 1001
IFINIOO.EQ.0) GO TO 5211
CALL ASO
X100 = Z
WRITE 16039) KUXIOO

3265 IF(N102*LQ.0) GO TO 3270
1(0 a 102
C45 - R*(1.-(1.-S4118/(PI*SWSW))**NB)
IF(NIOO.EQ.0) GO TO 5210

5211 IF(SWI.EQ.0.) KO0 a 1021
CALL ASO
X102 = I
WRITE (6,39) KOtXlO2

3270 1FIN101.Eg.0) GO TO 341
IF(TI.EQ..O0000001) GU TO 4534
GSEI = (AJMX 4-ETI +4.*ALI/TtiJ
GSE2 = (BJMX + ET2 + 4.*AL2)/TU?
SE12 = AMINI(SC3,GSEI)*.5
SE22 = AMINI(SF4tGSE.2)*.5

4534 KO0 = 101
IF(S3,;1.0.) Gil TO 4620
If(S4.Gr.0.) Gl TO 462'0
C45 (SP*R321/SWSW
AL12 ALI*AL2
IF(SWI.FL.0.) GO TO 4615
SW3 a SORT 1SWI?/AL12-1.)
GO TO 4616

461S KO 1Z;
41 I 1011

46L6 SW'. SQRTfSW2?/ALI?-I.)

WRITE~ 1609') KItXIOI
Ga TO 33

462'U WRITE ( 6 05 3 1 K(
13) FCL3 SQRr(CCL3*G.LL3 3.sHOI)

FCL.4 =SQRr(GCL4*GCL4 # 3.*ROD')
IF(N103.kEQ.0) 'JO TO M1
IF(T1.10..OO00000!) Gil TO 4(115
GSEI =(AJMX + FCL3 + 4.*S3)/IUI
GSE2 z (EIJMX + FCL4 + 4.*S4)/TU?
SE12 = AMINt(SV3,GSE1)*.5
SE?? = AM1N1(St4tGSC2)*.5

4535 KO0 z 103
C45 =R*(1.-(l.-SPR/(4.*F.L3*FCL4l**Nit)
CALL Alm
X103 = I
WRITE (6t,1) KCj,X103

337 IF(NI41Q.0) GO TO 338
!F(TI.EQ..0000OO01) Go TO 45316

GS11 z (AJMc + GCL3 +4.*ALI)/TLI
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GSE2 r (BJI4X + GCL4 + 4o*ALZ)/TU2
SE12 a AMINI(SE3,GSEI)*.S
SE22 a AMINI(SE49GSE?)**S

4536 KO0 a 104
IFIS3.GT.0.) GO TO 3371
IF(S4.GT*O.) GO TO 3371
IF(GCL3*EQ.0..) GO T0 3312
C45, a SPR/(4.*GCL3*GCL4)
CALL ASO
X104 aZ
WRITE (6,391 KOtX1OA
GO TO 338

3371 WRITE (69541 KO0
GO TO 338

3372 WRITE(6915) KO0
338 FCL3 wSORTIGCL3*GCL3 4 81*51)

FCL4 - SQRT(GCL4*GCL4 + 62*02)
IF(NIOS.Eg*o) GO TO 339
IF(T1.EQ*.0O000001) GO TO 4537
GSEl - (AJroX + FCL3 + 4.*S3)/TUI
GSE2 u (BJI4X + FCL4 + 4.*S4)/TU2
SE12 a AMINI(SE39GSEI)*oS
SE22 = AMINI(SE4#GSE2)*.5

4.53? KO a 105
C45 - R*Il.-(1.-(SP *81*82)/(rCL3*FCL4))**NB)
CALL A50
X10S
WRITE (6,39) K09X105

39IF(N106.EQ.0) GO TO 341
IF(TloEQ..00000001) GO TO 4538
GSEI - (AJMX + GCL3 + 81)/TUI

GS2a (BJMX * GCL4 + 82)/TU2
SE12 a ANINI(SE3,GSEI)*.5
SE22 - AIIN14SE4,GSE2)*.S

4538 KOf a 106
IF(S3*GT.O.) GO TO 3391
IFIS3.GT*O.) GO TO 3391
IF(GCL3,EQ.O.l GO TO 3392
CALL A50
X106 aZ

WRITE (6,39) KOqXl06
GO TO 341

3391 WRITE ( 6 04') KO0
GO TO 341

3392 WRITE(6,15) KO0
341 IF(NIO?.EQ.O) GO TO 342

IF(TI.EQ.*00000001) GO T0 4539
GSEI a IAJMX + ETI + 4.*S3)/TUI
GSE2 s (BJMX + ET? 4+ 4.,*S4)/TU2
SE12 m AMINl(SE3tGSE1)**5
SE22 s AMINl(SE4,GSE2l*.5

4539 KO0 z 107
IF(S3.EQ.O.) GO TO 3421
IF(S4.EQ.O.) GO TO 3421
C45 - R*(1.-I1.-SRR/SW22)**NB)
CALL A50
CALL AI
WRITE (6939) KO,XIO7
G o TO 342
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3421 WRITE (6,531 KO
342 IF(Nl08.kQ.0) Gn TO 343

IF(TI.EQ..OOOOcoOG) Ga TO 4540
GSEI a (AJMX + ETI +4.*ALI)/TUI
GSE2 (BJMX + ET2 4.*AL2)/TU2
SE12 - AMINI(SE3tGSEI)*.5
SE22 AMINI(SE4,GSE2)*.5

4540 KO = 108
IFIS3.GT.O.) GO TO 3451
IF(S4.GT.0.) GO TO 3451
C45 = SK.R/SW22
CALL ASO
X108 = z
WRITE (6039) KUX108
GO TO 343

3451 WRITE (6t53)KO
343 IFCNIO9.EQ*O) W)O TO 3271

IF(TL.Eg..OOOOO0ol) GO TO 4.541

SC2 AM;NI(SE4tGSE2)*.5

C45 = R*(1.-(1.-S488/(SW22*P ) )**NR)
CALL A50
X109 z
WRITE (6,09) K(JX109
GO TO 3271

3431 WRITE (6053) KU

3271 IF(NlIO.EQ.O) GO TO 3273[IF(Tl.EQ..00000001) GO TO 4542
GSLI = (AJMX + FTI + 4.*S3)/WI~
GSE2 = (BJMX + El? + 4.*S4)/TU2
SE12 = AI4INI(SE39GSEI)*.5
SF?? = AMINIISE.49GSE?)*.5

4542 KU = 110
IF(S3.EQ.0.) GO TO 3272
IF(S4.LQ.0.) GO TO 3272
C45 = R*(1.-(I.-SRR/SWSW)**NB)
CALL A50

Kr)o = Z1

GO 4T.0. G32i 27

322WRITE (6,19) KOII
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GO TO 3275
3274 WRITE (6,53) KO
3275 IF(NI12.EQ.0) GO TO 332

IF(Tl.EQ..000000011 GO TO *544
GSEI a (AJI4X + ET1. + 4.*S3)/TUI
GSE2 a IBJMX + ET2 + 4.*S4)/TU2
SE12 a Ah6'N1(SE3*GSEl)**5
SE22 a AMINI!SE4,GSE2)*.S

4544 KO a 112
IF(S3.E0.O.) GO TO 3276
IH(S4.EQ.0.) GO TO 3276
C45 aR*(1.-(1.-S488/(PI*SWSW))**NB)
CALL A50
X11? x
WRITE (6939) KOtX112
GO TO 332

3276 WRITE (6,53) KO
332 RETURN

ENO

SUBROUTINE ASO
REAL SS(150)/150*O.0/
DIMENSIONi OATA(1200)
DIMENSION A22(200)t822(2001
COMMON DATA
COMMON SE4,SE3,U3,U4,ZSQ1,SQ2,Q1,Q2,CL2,PISPISQ3,CCL3,AT1,AT2
COM"ON 8S1,B52,SE 12,$E22,SSC45,5W3,5W4,STI,5U3,5U4,ALItAL2,SWI
COMMON FCL3,FCL4,ES1,ES2,ERlEk2,ETBI,9ETB2,WR1,WR2,W~l ,W82,WSI ,WS2
COMMON A2298229A1,A29B1,82
COMMON SQR2,SP12,PI22AJMXBJM4XTUItTU2,Tl2,T22
COMMON R32vRO1,RD29SPR,5W12@SW22vSRk
COMMON SN1OOSN101,S?1102,SN11OSN112,X112
COMMON X1OOXlI1X102,X103,X104,X105,X106,X107,XlOSX109,XI1Ox111
COMMON Nl0ONl1vN102,NllON112,INUM
COMMON KKKOUTKOOKOK11,LU3,LU4,NNBLU5
EQUIVALENCE (DATA(33),D1I1)t(0ATA(34),Al 12), (OATA(35)tD),(DATA(36)
I ,DF),(OATA(37.,SP) ,(DATA(38),AJJ),(OATA(39),A3),IDATA(40),A4),
2 (DAT4141)tB') ,(OATA(42) ,B4)t(OATA143) ,Sl) ,OATA(44) ,S2) ,(DATA145)
3 ,53)t(OATA(46),S4) ,(DATA14?),T1)d(OATA(48),T21htDATA(49),SUI),
4 (DATA(50) ,SU2),(OATA(51),Ul) ,(nATA(52),U2),(DATA(53),CLI),
S (DATA(54),QO),(DATA(55),RI),(OATA(56)eR2) ,(DATAIS?),Dl)t(DATA(58)
6 ,D2), (DATA(59)tR),(Di'TA6)W),(ATA(6l1bW2),(DATA(62),ET1),
7 (DATA(63) ,ET2b9(OATA(64),GCL3J,(OATA(65),GCL4)
1 FORMAT (1HO2Xt3HSE197Xt3HSE2/2Fl0.6)

IF(TI.EQ..OOOOOOO11 GO TO 505?
505 ZSUM a 0.

DO 51 J x 1,LU3
AJ -J
SSUM a U.
X aFXJ(AJ)
DO 51? K v19LU4
AK x K
Y a FYJ(AK)
CALL K6(XeYtPK6)
CALL FF(YSE22,AT2vI.,AF)
SSUM z SSUM + P1(6 * AF

512 CONTINUE
53 SS(J) = SSUM
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CALL FF(XSE12,ATltl.,AF)
ISM SUM + SSIJ)*AF

51 CONTINUE
5057 IF(TI.GT..O00000l1) GO TO 5055

SEI AIUl
SE12 SEI*.5
SE? A2/U2
SE22 SE2*.5
LSUM 0.
DO 5100 J = 1,LU3
AJ z J
SSUM z 0.
X =FXJIAJ)
00 5200 K a I,LU4
AK =K
Y FYjIAK)
CALL K6(XtYtPK6)
SSUM z SSUM +PKb

5200 CONTINUE
SSWJ) zSSUM/U4
ZSUM x ZSUM + 5(J)

5100 CONTINUE
Z = ZSUI4/U3
GO TO 507

5055 Z = SUM
IF(SU3.EQ.0.) I 2* *
IF(SU4.EQ.0.) GO TO 506
GO TO 507

506 Z2 2.* Z
507 RETURN

END

SUB~ROUTINE PP(XJPXJ)
DIMENSION DATA112001
DIMENSION A22(200)9022(200)
COMMON DATA
COMMON SE4,SE3,U3.U4,lSQI .SQ2,01eg2,CL2,PISP'ISQ3,CCL3,AT1,AT2
COM4MON BSliS2,SE12,SE22,S5,C45tSW3,SW4, ST1,SU3,SU4,AL1,ALZSWI
COMMON FCL3tFCL4,ES1,ESZERlER2,ET81,ETB2,WR1,WR2,WO1,WB?,WS1 ,WS2
COMMON A22,B22,AIA2981,B?
COMMON SQR2,SP12,PI2,AJMXtBJMXTU1,TU2,T12,T22
COMMON R329RD1,RDZPSPRoSW129SW22#SRR
COMM4ON SNIOOSNIOItSN102,S~~SN11I2,X1 12
COMMON XIOOXI01,X102tX103,X104,X105,X106,X107,X108,X109,K110,X1 11
COMMON N1009NIOItNI02sNI1ONIl?,INUM
COMMON KK.KOUTKOOKOKIILU3,LU4NNBLJ5
EQUIVALENCE (DATA(43),Slbt(DATA(44),S2)tIDATA(55),Rl),IDATA(56)tR2

PXJ a0.
IF(KOUT.EQ.1) GO TO 1
IFIJEQ.2) GO TO 5
SOl - 7.*5Q1
IFIX.GT.SQ?) GO TO 100

px oGO TO 100

2PXJ =R2/SQ2*EXP(-(X/SQ2)**2*.5)/SQR2



GO TO t00
I IF(J*EQ..Z) GO TO 3

CALL SF(XR1,SltSMF)
PXJ = SMF
GO TO 100

3 CALL SF(XtB2tS?,SMF)
PXJ a SMF

100 RETURN
END

SUBROUTINE XRO(X1,X?,K3vX4tX5,S03,S04)
DIMENSION nATA(1200)
DIMENSION Al200)9B81200)9A22(200) .8221200)
DIMENSION 1(200). ISTOP(200),LSTOP(200),KSTOP(200)
COMMON DATA
COMMON SE4tSE3,U3tU4,LSQlSQ2,QlQ2,CL2,PISPI ,SQ3,CtCL3,ATIAr2
COMMON BSI,8S2,SE12,SE22,S5,C45, SW3,SW4, STI ,SU3,SU4,AL1 ,A12,SWI
COMMON FCL3,FCL4tLS1 ,ES2,ERtER2,ETBIETB2,WR1,WR2,WBIWB2,WS1,WS2
COMMON A2?.B22,AIA29BI,82
COMMON SQR2,SPI2,PI2,AJMXBJMXtTUlTU2,Tl2,T22
COMMON R32tRDltRDZSPRtSWI2,SW2,SRR
COMMON SNlOOSN101,SN102,SN11OSNLI2,X112
COMMON XIOOX101, X102,X103,X104,X1OSX106,XLO7,XlOSX109,Xll0.XllI
COMMON N100,NIOI,102tN1109NI.129INUK
COMMON KKtKOUTKO0,KOKIlLU3,LU4tNNBLU5
EQUIVALENCE (DATA(I 1PRO)t(OATA(?)tCN) ,IDATAI3) ,CNB) gIDATAI'.) CNVI
1 ) (OATA(5),CXAJ),(DATA(6)tCXBJ)t(DATA(T)tCt4PT),(DATA(8),CNCP)t
2 (DATA(9)tFIMP)t(DATAIlO),ANNO), (DATA(11),ANI),(DATAII2),AN2)t
3 (DATAI 13)tAN3)t(OATA( 14),AN4)t(DATA(15) ,AN5I
EQUIVALENCE (OATA(33),A111),IDATAI34),Al12)40DATA135),O) ,(DATA(36)
1 ,OF),(DATA(37)tSP) ,(DATAI3S),AJJ),(DATAI39),A3)t(DATA(40),A4)t
2 (nATA(41),83) ,IDATA'42),4btIOATA(43hiSlb(OATA(44),32bt(DATA(45]
3 ,S3),IDATA(46)tS4),(DATA(4?),TL),IDATA(48),T2) ,(DATA(49)tSUI 3,
4 (DATA(50),SU2)t(DATAI51),t~l),(DATAI52),U2), (DATA(53),CL1),
5 (DATA(54),QO) ,(DATA(55)tkllt(DATA!56),R2),(OATA(57),O1),(DATA(58)
6 ,O?),IDATA(59)#R)
EQUIVALENCE (OATA(I01)9A)tDOATA(3OI)tBl
NI s ANI + .000001
N2 - AN2 +.000001
N3 z AN3 + .000001
N4. = AN'. + .000001
N5 = AN5 .000001
AUI - ABSISUI)
AU2 - 48S(SU2)
CNI z CN - 1.
NKI N -1
00 1 J x 19N
1(J) a0
ISTOP(J) z 0
ISTOPIJ) a 0
KSTOP(J) x 0

1 CONTINUE
IF(Nl.kNE*0) GOl TO 2
IF(N5.EQ.0) GO TO 362

2 DO390 KK = 19N
IF(N.GT.12) GO TO 392
ONEG =1.

LOT z0
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KA =KK-

FKKx KK
WX1 0 .
W5 0.
IF (MOD(KA, 2))1321, 1322, 1321

321 ONEG x-ONEG
1322 KOO m 2

IF(TI.EQo.00000001) GU TO 1324
GSE2 z (AU2,I82+4.*S2)/TU2

134St:22 wAMfNl(SE4tGSE2)*.5
134CALL A41

143U W7 z
344 Q2 a NQRTISQ2**2IFKK+T22)

Ql = SQRT(SQt**2/FKK+T12)
CALL V(29SU29VXJ)
W6 aVXJ

350 IF(N5,NE.O) GO TO 510
LOT a I

352 IF(NI.EQ.O) GO TO 388
r410 IF(SD3.NE.0o) GO TO 425

162 -'ALL V(ISUltVXJ)
WXIS VXJ*YF(KK)
0 = WXI * W6
GO TO 385

510 IF4SD3oNE*.) GO TO 520
182OK11ia3

CALL A40
184 WS as

GO TO 383
520 CONTINUE
425 D0 426 J aI#KK

KSTOP(J) uN-KK4J
IFIJ*NE.1) GO TO 105
Ml)
LSTOP(J) a KSTOP(J)
GO TO 106

105 1(J) z I(J-1) 4 1
LSTOPIJ) - 1(1).NKI-KK.J

106 ISTOPIJ) - MINOIKSTOP(J)tLSIOlP(J))
428 CONTINUE

IFILOY.EQ.1) GO TO 429
IFINS.NE.0)GO TO 192

429 CALL F(1,A8AR9ASQvSRARtBSQ)
UMA - SUI - ASAR
AAM a ASO - ABAR**2
SQlI= 2.*SQI*SQI
CALL V(1,UMAtVXJI
Z1 VXJ *EXP:-FKK *AAF4/SQII)

175 WXI a WXl. Z * SP**KK
G111 TO 1107

192 ISUM - 0.
4026~ 00 193 IJ It1LU3

AIJ a IJ
At z FXJ(AIJ)
CALL PKX(IAIPO)
APO a P
CALL FF(AISEI2,ATI#l.tAF)
ZSUM wZSUM ',APO*AF



193 CONTINUE
Z ZSUM *SP**KK
IFISU1.NE.O.) GO Ta 195
Z 2.* Z

195 W5 W5+ z
1 107 IS =KK

GO TO 101
104 IS IS +I

ISS =IS - 1
M(S) = HISS) + I
IF(IS-KK) 107,108,107

107 LSTOP(1SI1 = Ill) + NKI -KK +IS +1
ISTflPIIS+11 = MINO(KSTOP(1S41),LSTnP(ts41)

108 GO TO 102
101 Ills) Ills) + I

IMIS -KK) 109,102,109
109 LSTOP(IS+1) = 111) + NK1. - KK + IS 4 I

ISTOP(IS*1J = MINOlKSTOPfIS+I),LSTOPIIS41))
102 IF(I(IS).GT.ISTnp(iS)) GO TO 103

IF(IS.NE.KK) Ga TO 104
IF(LOT.EJI1 GO TO 428
IF(N5.NE.0)GO TO 427

428 CALL F(IA8ARASQ,88ARBSQ1
UMA =SUI - ABAR
AAM z ASQ - ABAR**2
SQ1I= 2.*SQ1*5Q1
CALL V(1,UMAVXJ)
Z z Y'XJ *EXP(-FKK*AAMISQIII
WX1 WX14 1*SP**KK
GO TO 101

427 ZSUJM = 0.
4216 00 194 IJ =19LU3

AIJ x I
Al = FXJ(AIJ)
CALL PKX(IAItPO)
APO =PO
CALL FF(AIvSEI2tAT191,,AF)
ZSUM =ZSUM + AP0*AF

194 CONTINUE
Z = ZSUM * SP**KK
IFISU3.Nk.0.) GO TO 191
I = 2. * Z

191 W5 xWS + I
GO TO 101

IM(S. Q.0)) GO TO 382
IF((IS).EQ.ISTOP(IS)) GO TO 103

GO TO 101
32IF(ILOT-U 383, 385, 385

383 X5 x X5 + ONLG*W5*W7

35LOT - I

GO TO 35238 1 X NGW1Wa I)w38IFjL*001 OT 6
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IF(NB.EQ.O) GO TO 392
KOUT w 1000
N4SV = 0
N3SV z 0
N2SV - 0
DO 400 KK = 19NB
IF(N4.NE.O) GO TO 404
IF(N3*NE*O) GO TO 404
1FIN2.EQ*0) GO TO 405

V4 FKK =KK

02 aSQRT(SQ2**2/FKK4T22)
QI SQRT(SQI**2/FKK4T12)
KA x KK-1
ONEG z1.
;F(e4OD(KA92)) 401,402#401

401 ONEG -- ONEG
402 IFf62.EQ*0.) GO TO 403

IF(N4.EQ.0) GO TO 403
KOOa 2
IFIEQ..00000001) GO TO 1325
GSE2 = 1A12482+4.OS2)/TU2
SL22 = AMINI(SE49GSE2)*.5

1325 CALL A41
W? s Z

403 CALL V(ZSU2#VXJI~
W6 s VXJ
IF(N4*NE.0) GO TO 1320

37IF(N3.NE.0) GO TO 1215
348 IF(N2.NE.0) GO TO 1120

GO TO 400
1320 K11 a 2

IF(TI.Efj..000000011 GO TO 1323
GSEl = (AUI+CLI+B1+4.*QO)/TUI

SE12 - AMINIISE3tGSEI)*.5:11323 CALL A40
X4 = X4 * QNEG*W4*W7
0O W4 * W7
IF(O.Gt..0001) G~O TO 347
N4SV = N4

121 :z 0S~rC1*+. Q*

GO TO 347

X3 z MC3 + ONEG * W3*W6
O x W3 * W6
IF(O.GT..0001) GO TO 348
N3SV =N3
N3 = 0
GO TO 348

1120 KuI = 1
IF(T1.EQ*..OOOOOOO) GO tO 1121
GSEI =(AU14CLI44.*SU3)/TUI

SHi2 =AMINI(SE3vGSFI)*.5
1121 CALL A40

WX2 I1
X2 X2 +ONLG *WX2 *W6
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0 =WX2 *W6
IFHO.GT..OOGI) GO TO '400
N2SV aN2
N2 a 0

400 CONTINUE
405 IF(N4SV.NE.O) N4 =N4SV

IF(N3SV.NE.O) N3 sN3SV
IF(N2SV.NE.O) N2? N2SV

392 RETURN
END

SUBROUTINE A41
DIMENSION OATA(1200)
DIMENSION A22(200)9822(200)
COMMON DATA
COMMON SE4,SE3tU3,U4,LSQI ,SQ2,QlQ?,C12 ,PI SPI ,SQ3,CCL3,ATIAT2
COMMON BS1,BS2,SE 12,SE22,55,C45, 5W3, 5W4,ST1,SU3tSU4,ALIAL2 ,SWI
COMMON FCL3,FCL4,ES1,ES2,ER1,EIR2,ETBlETS2,WRlWR2,W81 ,W82,WSIWS2
COMMON A2298229AItA?,BIB2
COMMON SQR2,SP12,PI2,AJMXBJMXTU1,TU2,Tl2,T22
COMMON R32tRDIR02tSPR,SW12,5W22tSRR
COMMON SNIOO,SN1OISN1O2,SNIlO,5N112,X112
COMMON X100,XO~X1l12, Xl03, E14,Xl5,Xt06,XlOTX108,Xl09,XllOXlII
COMMON NI00tNlOINI02,NIION1IIZINUM
COMMON KKKOUTKOOKOKlILU3,LU4tNtNBLU5
EQUIVALENCE (DATA(52)tU2)
LSUM z .

6 00 4 J - 191U4
AJ aJ
YJ a FYJIAJ3
CALL KY(YJqZKY)
ZlI( s ZKY
CALL FF(YJSE22tAT2,1.,AF)
ZSUM a ZSUM + ZK1*AF

4 CONTINUE
Z 2.*LZSUM
IF(SU4.EQ.O.) GO TO 100
Z = Z .5

100 RtTURN
END

SUBROUTINE V(J#XtVXJ)
DIMENSION DATA(1200)
DIMENSION A22(200),B221200)
COMMON DATA
COMMON SE4tSE3tU3tU4,lSQ1,SQ?,g1,02tCL2,PI ,SPISQ3,CCL3,ATIAT2
COMMON BSI ,BS2,SE12,SE22,S5,C45,SW3,SW4, ST1,SU3,SU',,ALlAL2,SWI
COMMON FCL3,FCL4tISE.RItER?,ETBItETB2tWR1,WR?,WBlWB2,WSIWS?
COMMON AZZB22,AL.A298I,62
COMMON SQR2,SPI2,PI2,AJMX,IiJMXtTUlTU2,T 12,T2?
COMMON R32,RDIvR02,SPRtSW129SW-29SRR
COMMON SN1OOSNIOI,SN1O2,SNllOtSN112tX112
COMMON XIOO,XIU1,X102,X103,Xt04, X105,X106,X107,X108tX109,XI 10,XIII
COMMON NI0ON1OINIO?,NI1ONII2#INUM
COMMON KK,Kf)UTKUU,KOtK11,LU3,LU4,NNLUN'
EQUIVALENCE (DATA(55)tRl)vIDATA(56b9R2)
VxJ U (.
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AKK =KK

P20K gSQRT(2.*PI/AKK)

IF(J.EQ.2) GO TO 2
RP =IRl/ISQI*SQR2))**KK *P20K *SQI/Qi

AXQ x X/Ql
AQl - Al/Q,
CALL HS(AXQAQ1,SH)
VXJ x RP * SH
GO TO I

2 AXQ zXQ2
AQ? m A2/Q2
CALL HS(AJCQAQ2,SH)
VXJ -(R2/(SQ2*SOR2))**KK *P20K *SQ2/Q2 *SH

I RETURN
END

FUNCTION SMG(XX)
DIMENSION DATA(1200)
DIMENSION A22l2OO)#822(?OO)
COMMON DATA

* COMMON SE4,SE3,U3,U4,lSQtSQ2,QlQ2,CLZPI ,SPI ,SQ3,CCL3,ATLAT2
COMMON BS1,BS2tSE12,SE22,S5,C43sSW3,SW4, STk, SU3,SU4,ALIAL2, SWI
COMMON FCL3,FCL4,ESIES2,ERl ,ER2,ETBIETB2tWRIWR2,WBl ,WB?,WSlWS2
COMMON A229822tAlA29HI982
COMMON SQR2tSI12tI2AJMXBJMX, TUItTU2,T 12,122
COMMON R32,RDI#RD2#SPRSWI2,SW22?SRR
COMMON SN1OOSN101,SN1O2,SNI1OtSN112,X112
COMMON XIOO,~tXl, 12,K103,X104, Xl5,Xl06,X1C~tX108,X109,XI IOXllI
COMMON N1OONIO1,N102,NIION112,INUM
COMMON KKKOUTKOOKOKlILU3tLUANNBLU5
SMG = EXP(-XX*XX*.51/SQRT(PI2)
RETURN
END

FUNCTION YF(KKK)
DIMENSION DATA(1200)
COMMNSON DAA 20tB220
DIMENON DAA 20,B22D
COMMON SE4,SE3,U3,U4,LSQISQZQlQ2,CL2.PI ,SPI ,SQ3,CCL3,ATIAT2
COMMON BS1,8S2,SE12,SE22,S5,C45,SW3,SW4, SrI SU3,5U4,ALIAL2,SWI
COMMON FCL3,FCL'.ES1,ES2qER1,ER2#ET81,ETB2,UR1,WR2,WBIW82,WS1 ,WS2
COMMON A22,t22,A1.A201I,2
COMMON SQR2,SPI2.P12,AJMX9bJMXTU1,TU?,Tl2,T22
COMMON R32*ROItRD2,SPRSW12#SW22#SRR
COMMON SN1OOSN11SN1O2,SNI1OSN1?,X112[ COMMON XIOOXlOlXt02,Xl03,Xl04,Xl05,Xl06,XlO7,X108,XlO9,XI 1OX111
COMMON NIONlOIN102rNIION112,INUM
COMMON KK,KfUT,KOtKO,KllLU3,LU4,N,N~,LU5
EQUIVALENCE (DATA(37) ,SP)
ANO - N
IF(KOUT.EQ.IOOO) AND z NB
YF = 1.
D0 1 J = ItKKK
AJ zJ
YF=YF * (ANO-AJ+1.)/AJ *SP

I CONTINUE
2 RETURN
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END

FUNCTION FXJ(XX)
DIMENSION DATA(12001
DIMENSION A22(200)tB221200)
COMMON DATA
COMMON SE4,SE3tU3,U4, ZSQ1 SQ2,Q1 ,Q29CL2,PISPISQ3,CCL3tAT1,AT2
COMMON BS1,BS2,S1 12,SE2,S5,C45,SW3t5W4, sri SU3,SU4tAL1,AL2,SWI
COMMON FC13,FCI,4,ESI, ES2,ERIER2,ETBIETB2,WR1,WR2,WB1,W82,WSI ,WS2
COMMON A229B229AItA29819B2
COMMON SQR2tSPI2,PI2,AJMXBJMXtTU1,TU2,T12tT22
COMMON R32tRD19RD29SPRtSW12,SW229SRR
COMMON SN1009SN1OISNIO2tSNI 10, SNll2,Xll2
COMMON XZOOXI1lX102,X103tX104,X105,X106,Xl07,XIQSX109,XIIOtXll
COMMON NIOONI1,N102,NlIONll.2INUM
COMMON KKKOUTtKOOKOKIl,1U3tLU4NtNBLJ5
EQUIVALENCE (DATA(51)vUI)
IF(XX.NE.O.1 GO TO 2
FXJO .
GO TO 3

2 IF(SU3F'E*O.I GO 10 4
FXJ a(2.*XX-1.) * SE12
GO TO 3

4 FXJ a12.*XX-1.-2.*UI) *SE12

3 RETURN
END

FUNCTION FY.I(XX)
DIMENSION DATA(1200)
DIMENSION A22(200)9822(200)
COMMON DATA
COMMON SE4,St3,U3tU4,lSQ1,SQ2,g1,Q2tCL2,PItSPItSQ3tCtCL3,ATIAT2
COMMON BSIBSZSE12tSE22,S5tC45tSW3tSW4,STISU3,SU4,AL1,AL2,SWI
COMMON FCL3tFCL4,ESIESZtERlER2,ETBItETB2tWR1,WR2,WBIWB2,WS1,WS2
COMMON A22v822,AltA2tB1,B2

ACOMMON SQR2tSP12,P12,AJMXBJMXtTU1,TU2,Tl2,T22
COMMON R32tRDltRD2tSPRSWIZSW22,SRR
COMMON Sf.I100SNOISN12,SNIlOtSN112qXllZ
C-OMMON XlOOXlOlXl02,X103,X104,X105,Xl06,Xl07,X1OSK109,XllOXlI
COJMMON N1OONIOI,102AI1O,112,INUM
COMMON KKKOUTKOOKOKll,1U3,LU4,NNBLU5
EQUIVALENCE (DATA(5?)tU2)
IFtXX.NE.O.) GO TO 2
FYJ z 0.
GO TO 3

2 IF(SU4.NE.O.) GO TO 4
FYJ =(2.*XX-1.) * SE22
GO TO 3

4 FYJ = 2.*XX-I.-2.*U2) SE22
3 RETURN

END)

SUBSROUTINE A40
DIMENSION DATA(1200)
DIMENSION A22(200)9822(200)
COMMON DATA
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COMMON SE4,SE3,u3tU4,Z#SQl,5Q2,Q1,Q2,CL2,PISPI ,SQ3,CCL3,ArlAr2
COMMON BSLBS2,SE12,SE22,PS5,C45,SW3,SW4.ST1,SU3,SU4,AL1,AL2tSWI
COMMON FCL3tFCL4,ESIES2,ER1 ,ER2,ETB1,ETB2,WRlWRZ.WBI ,W82,WS1,WS?
COMMON A229B22,AlA2981,82
COMMON SQR2tSP12,PI2,AJMX,8JMXTU1,TU2,Tl2,T22
COMMON R32vROIR029SPRSWlZSW22tSRR
COMMON SN100,SNIOlSN1O2,SN11OSN112,X112
COMMON X10OXIOIX102,X103,Xl04, K105,Xl06,Xl07,X108,X109,XllOXlI
COMMON NlOONIOINl02,NIION112,INUM
COMMON KKKOUTKOOKOtKI1,1U3,LU4,NNBLU5
EQUIVALENCE IDATA(51)tUl)
ASUM a 0.

6 DO 4 J a 19LU3
AJ x J
XJ =FXJ(AJ)
CALL KX(XJtZKX)
ZKI =ZKX

CALL FF(XJtSE12,A?1,1.tAF)
ASUM x ASUM + ZK1*AF

4 CONTINUE
Z a 2.*ASUM*YF(KK)
IF(SU3.EQ.0.) GO TO 100
Z - Z * 05

100 RETURN
END

SUBROUTINr KX(lAtZKX)
DIMENSION DATA(12OO;
DIMENSION A22(20019622(2001
COMMON DATA
COMMON SE4,SE3oU3tU4,ZSQISQ2,Ql,02,CL.2tPISPISQ3,CCL3,AT1,AT2
COMMON BSI,8S2,SE12tSE22,S5,C45tSW3,SW4, ST1,SU3,SU4tALI.,AL2,SWI
COMMON FCL3,FCL49ESlES2tER1,ER2,ET81,ET82,WR1,WR2,WB1 ,W82,WS1,WS2
COMMON A22,022,A19A2,B1,8
COMMON SQR2,SP12,Pl2,AJMX%BJMXTUItTU2tTl2,TZZ
COMMON R32,ROItRD2#SPRtSW12tSW22*SRR
COMMON SNIOO.SN1O1,SN1OZSNIlOSNII2,X1Z
COMMON X100,XIO1,XIOZX103,X104,XIO5,X106,XlOTXl08,Xl09,XlIOXI1II
COMMON NIOOM1,N010201NI,129INUM
COMMON KKcKOUTKDOKOtK11,LU13tLU4.NNBLU5
EQUIVALENCE COATA143)sSl),(OATA(4?),Tl), (DATA(4Q)tSUI),(DATA(53)tC
1L13,(DATA(54),QotODArA(55btRl),IDATA(56),R2)

IF(Kll.EQ*1) GO TO 1
IF(Kll*EQ.2) GO TO 2
IFIKIloEQ*3) GO TO 3

I XTS *(ZA * 11 * 5UI)/SQ3
CLS a CLI/SQ3
CALL HSIXTSCLSvSH)

ZKXmS Gz;~~ * SI K /QK*

2 T - IZA*TISU)

CALL SF(XTtb1,S1,SMF)
L iKX SMF**KK



-94-

100 RETURN
END.

SUBROUTINE KYilZtKY)
DIMENSION DATA(1200)
DIMENSION A(200)v8I?00),A221200)tB22(200)
COMMON DATA
COMMON SE4,SE3,U3,U4,lSQlSQ2,Q1,Q2tCL?,P! ,SPlSQ3,CC13tAT1,AT2
COMMON 551 ,BS2,SE12,SE22,S5,C45,SW3,SW4,ST1,SU3vSU4tAL1,AL2tSW1
COMMON FCL3,FCL4,ESIES2,ERIER2,ETB1,ET82,WR1,WR2,HB1,W62,WSlWS2
COMMON A22,822,AlIA2tBltB2
COMMON SQR2,SPI2,P12tAJMXBJMXTU1,TUJ2,Ti2,T22
COMMON R329RD1,RD2tSPRtSW12tSW229SRR
COMMON SNIOOSN1O19SN1O2,SNIlOSN112,X112
COMMON X10OX101,X1O2,X103,X104,Xl05,XlO6,X1O7,XlCAX1O9,X11OXl11
COMMON NlOONIliNlOZNIIONI12vII4UM
COMMON KKKOUTKOOKOKllLU3,LU4,NNB,1U5
EQUIVALENCE (DATA(44),S2btfJATA(47),T'it(DATA(48),T2) iADATA(499S
LU1)tIDATA(50)tSU2)
EQUIVALENCE fDATA(IO1)tA)9(DATA(301)vi)
ZKYO= .
IF(KOO.EQ.l) GO TO I
IF(KOO.EQ.2) GO TO 2

I ZKK a1.
00 3 J m 19N
AJS a SUl - AUJ)
CALL FF(AJStC13tAlTltAF)
ZAF a AF

*YTB a ZZ * r2 - B(J) + SU2
CALL PP(YTBtZtPXJ)
1KK aZKK *(I. - (1*-t1.-C*PXJ)**NB))

3 CONTINUE
ZKY a (I. - UK) *ZAF
GO TO 100

2 YTS a ZZT2i-SU2
CALL SF(YTStB2tS2tSMFI
IKY - SMF**KK

100 RETURN
END

SUBROUTINE F(IABARiASQvB6AR99SQl
DIMENSION DATA(1200)ti(200)
DIMENSION A(ZOO),61200)tA22f200),B2f200)
COMMON DATA
COMMON SE4,SE3tU3,U4,1,SQISQ2,QlQ2,CL2,PI ,SPI9SQ3,ctCL3,AT1,Ar2
COMMON BS1,BS2,SE1ZSE22, S5,C45,SW3,SW4,STi ,SU3,SU4,ALI ,ALZ ,SWI
COMMON FCL3, FCL4, ESlES2,ER1,ER2,ETB1,ETB2,WR'&tWR2tWB1,WB2,WSlWS2
COMMON A22,B22,AIA2.BIS2
COMMON SQR2, SP12,P12,AJMXBJMXTU1,TU2,Tl2,T22
COMMON R329RDIRD2#SPR,5W12,SW22,SRR
COMMON SNIOOSNI11SN1O2,SNIIOSN112,X112
COMMON XIo0,XllXlO2,ElO3,KIO4,X1O5,XtO6,XlOltXl08,Kl09,X11OXlll

COMMON N100,NIO1,N1029NIlOtNI12,INUM
COMMON KKKOUTKOOKOtKIl.LU3,LU4,NNBLU5
EQUIVALENCE (DATAfII),A),IDATAf3O1)tB)

AK K
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ASQ = 0,
BOAR x O.
BSQ z 0.
OP. I J z ItKK
MI 11j)
ARAR x ABAR + A(MI)/AK
ASO w ASO rA22(Mt)IAK
BBAR a BBAR + 6(Mll/AK
BSQ BS43 +8221MI)/AK

1 CONTINUE
RET2!N
END

SUBROUTINE PKX(IAIJtPO)
DIMENSION DATA(1200)tI(200)
DIMENSION A(200) ,Bl2OO)tA22(2OO)tB22t2OO)
COMMON DATA
COMMON SE4tSE3tU3tU4,ZSQ1,SQ2,O1,Q2tC12,PI.SPI.SQ3,CCL3,ATIAT2
COMMON 8S1 ,BS2,SE12,SE2?,S5,C45,SW3,5W4, STISU3,SU4,AL1,AL2,SWI
COMMON FCL3,FCL4,ES1,ES2,ERIER2,ETB1,ETB2tWR1,WR2,WB1,WB2,WS1,WS2
COMMON 4229822tAltA29819132
COMMON SQR2,5P12PPIZ#JMXBJMX, TU1,TU2,TlZT22
COMMON R329RDhtRD2#SPRSWI29SW22,SRR
COMMON SN1OOSNIOl,5N102,SN1lOSNl!2,X112
COMMON X1ODXlOlX1O2,X103,Xl04,E105,X106,XlO7,Xl08.X109,XI1OXlIl
COMMON N1OONl0001NOZN1ONl12,INUM
COMMON KKKOUTKOOKOKi1,LU3,LU4,NNBLU5
EQUIVALENCE (OATA(43h9S1),(DATA(47),TI)t(DATA(49) 9SUI)
EQUIVALENCE fDATA(1I)tAltlDATA(3013,8)
Po0 1.
PJ 1 J x 19KK
MI 1(J)
SFX a(AIJ*TI.SUl-AINII)
CALL SF(SFXtBItSlSMFI
PO s P0 * SMF

I CONTINUE
RETURN
END

SUBROUTINE K6(KXYYPK6)
REAL XUA(200)/2OO*O.O/,YUB(200)/200*O.OI
DIMENSION OATAlk:")
DIMENSION A(200)t8(200)tA22(ZOO),822(200)
COMMON DATA
COMMON SE4,SE3,U3,U4eZvSQl,5Q2,QlQ2eCL2tPItSPI,&Q3eCCL3,AT1,ATZ
COMMON 851 ,BS2tSE12,SE22.S5,C45,SW3,SW4,ST1,SU3tSU4,ALiALZSWI
COMMON FCL3,FCL4tESIES2,ER1,ER2tETBIETBZWk1,WRZWBIBWSUl WS2
COMMON A22,822,AlA2981,82
COMMON SQR2,SPI2,Pl?,AJMEBJMXTU1,TU2,Tl2,T22
COMMON R32vRD1,RD~,tSPRSWl2vSN22#SRR
COMMON SNIOOSN1OISN1O?,5N110,SNU12,X112
COMMON X1OOXIO1,X1O2,XlO3,XIO4,NIO5,XlO6,X1O?*X1O8,X1O9,XIIOXlt
COMMON NIOO.NlOIN1029NIION112I4UM
COMMON KK,9OUT.KOOKO.KlILU3,LU4,NNBL.U5
EQUIVALENCE tOATA(33),AlIl),(DATA(34),A112),(DATA(35),D),(DATA(36)
1 tDF)t(DATA(37),SPIt(DATA(38) ,AJJbttDATA439)tA3), (DATA(4O),A4).
2 (DATA(41),83)t(DATA(42),84),(DATA(43) .SI).(DATA(.4) .2) ,(DATA(45)



3 ,S3). )ATA(46),S4) ,(DATA(47),TI),(DATA(48),T2), (OATA(49),SUI)s
4 (DATA(501,SU2)b(OATA(51),Ul) ,IOATA(52) ,U2),(DATA(53),CLI),
5 (DATAI54b9QO),(DATA(55btRl),(DATA(56),R23 .(OATA(5T),01ht(OATA(58)
6 ,D2), (DATA(59)9 Rb,(DATA(6ObvWI),(EATA(6l),W2),(CATA(62),ETI),
7 (DATA(63) ,ET2) (DATA(64) ,GCL3) ,(OATA(65) ,GCL4)
EQJUIVALENCE (DATA(l0t)tA)v1DATA(30l),RR
PK6 = 0.
PKP = 1.
DO 500 J = 19N
IF(TI.EQ..000030001) GO TO 501
XUA(J) = XX * TI + SUI - AM)
YUII(J) = YY * T? + SU2 - 8(J)
GO TI) 500

501 XUAIJ) - Xx + SIi - A(J)
YUB(J) = YY + SU2 - B(J)

500 CONTINUE
IF(KO.EQt)G) TO 11

IF(IKO EQ. 15) GO TO 12
IF(KO.EO.12)GO TO 12
[F(K,3.'U.15)GO TO 14

IF(K.EQ.00)GO TO 4

IF(KO.EQ.1001) GO TO 5
f IF(KO.EQ.1O3) GO TO 103

IF(K.O.Eg.1011) GO TO 101
IFIKO*EQ*102) GO TO 10
IF(KO.EQ.102) GO TO 10
IF(KO.EQ*.1031 GO TO 107
IF(KO.EQ.108? GO TO 108
IF(KO*EQ.1051 GO TO 109
IF(KO.EQ.110) GO TO 106
IF(KO.EQ.107) GO TO 101

I FIKO.EQ.112) GO TO 112
11 00 99 J a 1,N

XTA aXUA(J)
CAL.L PP(XTA,1,PXJ)
PEL = PXJ
YTA ,%YUB(J)
CALL PP(YTA92,PXJ)
Pyl c PX.I
PKP - PKP * (I.-PXI*PYL*SP)

99 CONTINUE
GO TO 100

12 HIS xCL1/S93
DO 98 J a 1,N
YTS x YUB(J)
CALL PP(YTS,29PXJ)
PPI, z PXJ
XTS =XUA(J)/SQ3
CALL HS(XTSHLSiSH)
PKP z PKP*tI.-PPI*C*SH)*$NB

98 CONTINUE
GO TO 100

1400O 97 J z ,N
XTS z XUA(J)
CALL FF(X7SiB1,CL1,QOA.F)
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TjX a SP * AF
YTS =YUB(J)
CALL PPIYTS,2,PXJ)
PKP = PKP*(1.-TJX*PX.J)**NB

97 CONTINUE
GO TO 100

4 DO 96 J x19N
FJIXY zSQRT(XUA(J)**24YU31J)**21/SS
X = FJXY - SW3
Y = F.JXY - SW4
PKP a PKP * (I.- C45*IBIGG(X)-BiGG(Y)))

96 CONTINUE
GO TO 100

5 DO 95 J z 19N
Y = SORT(XUA(J)*'P24YUB(J)**2)/SS SW'.
PKP a PKP * (1.-C45*(1.-SIGG(Y)))

95 CONTINUE
GO TO 100

101 AL a SQRT(ALL*ALZ)
DO 86 J= ItN
FJXY = SQRT(XUAtJ)**2GYUB(J)**2)/AL
X = FJXY - SWI
Y xFJXY - SW'.
PKP a PKP*(1.-R*(1.- (I.-C45*(BIGG(X)-BIGG(Y))3**NB)3

86 CONTINUE
(PI.) TO 100

1011 AL. - SQRT(ALIOAL2)
DOJ 83 J a 104
Y = SQRTIXUA(J)**2eYUBIJ)**21/AL -SW.
PKP x PKP*(L.-R*(1.-(1.-C'.5*(1.-BIGG(Y)3)**NB)

83 CONTINUE
6O TO 100I103 DO94 J z19N
X = XUAWJ
y - YUB(J)

CALL SFIXtFCL39S3394F)
SFA - M
CALL SFIYFCL4,S4,SMF)(I PKP a PKP * (1.-C45*SFA*SMF)

94 CONTINUE
GO TO 100

104 Of) 93 J = 19NI~i X = XUAWJ
y= YUBWJ

CALL SF(XtGCL3,AL19SMF)
SFA x SMF
CALL SF(YtGCL4,AL2tSMF)
PKP = PKP*(1.-R*11.-(l.-C45*SFA*SMF)**NB))

93 CONT INUE
GO TO 100

105 DO 92 J s IN
X= XUAIJ)
y2 YUb(J)

CALL SF(XF%'L3tS3tSMF)
SFA -SMF
CALL SF(YtFCL'.,S4,SM)
PKP = PKP * (I.- C45*SFA*SMF)

92 CONTINUE
GO TO 100
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106 D0 91 J a 19N
XTA a XUA(J)
YTB uYUBIJ)
CALL FF(XTAvBlGCL390.eAFI
AFI -AF
CALL FF(YTBB2,GCL4,0oAF)
PKP a PKP * tl.-RO(1.-(1.-SP*AFL*AF)**NB))

91 CONTINUE
GO TO 100

107 00 90 J a 19N
XTS x XUA(i)/S3
YTS a YUB(J)/S4
CALL A1131ESltES2,XytSYTStP113)
PKP a PKP * (I.- C45*Pt13)

90 CONT*INUE
GO TO 100

108 TAl x ETI/ALI
TA? a ET2/AL2
00 89 J x 19N
ETA a XUA(J)/ALl
YTB a YUB(J)/AL2
CALL A1l5(TAItrA29XTAtYTBP113)
PKP w PKP*(1.-R*(I.-(1.-C45*P113)**NB)I

89 CONTINUE
GO TO 100

109 00 88 J a ItN
XTA - XUAIJ)/S3
YTO a YUB(J/I4
CALL AIl3IESItfrS2XTAtYTBtPII3)
PKP a PKP * (I. - C45*P113)

88 CONTINUE
GO TO 100

110 Oi 87 J z 19N
XTA a XUA(J)/S3
YTI3 a YUBMJ/S4
CALL A113(ESl9ES2tXTAqYTBPII3)
PA xP113
CALL A113fWS1vWS2vXTAtYTBtPII3)
PKP a PK(P* (I.-C45*(PA-PI131)

87 CONTINUE
GO TO 100

Ill TAL a ETI/ALl
TA? a EHZ/A'!
WAl u WI/ALl
WA2 a W2/AL2
00 85 J x 1,N
ETA a lUAIJ)/ALI
YTB - YUBI.J/AL2
CALL A113(TAliTA2#XTAYTBPlt3)
PA a P113
CALL A113!WAIvWA2tXTAtYTBtPII3)

PPa PKP * t1.-R*(1.-I1.-C45*(PA-P1i,* Z9*NB))
85 CONTINUE

GO TO 100
112 D0 84 J a 1,N

XTA x XUAIJ)/S3
YT8 a YUB(JI/S4
CALL Atl3(FSlvES2,XTAYTBtPI131
PA a 11
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CALL A113(WSItWS2#XTA9YTBqPI13)
PKP PKP * i.- C45*(PA-PI13))

04 CONTINUE
100 PK6 a I.-PKP

RETURN
END

SUBROUTINE A113(AZ*S1,XXYYP113)
DIMENSION OATA(12001
DIMENSION A22(200)*8221200)
COMMON DATA
COMMON SE4vSE3tU3,U4,lSQ1,SQ2,QIQ2tCL2,P1,SPISQ3,CtCL3,A11,AT2
COMMON BSIBS2,SE12,SE22,35,C45,SW3,SW4,ST1,SUSSU4tAL1,A12tSW1
COMMON FCL3,FCL4tEStES2,ER1,ER2,ETB1,ETB2,WR1,PWR2':WB1,WB2,WS1,WS2
COMMON A229822,A1,A298I,82
COMMON SQRfSP12,PI2tA.JMX,8JMXTU1,TU2,Tl2,T22
COMMON R32tRDIPRD2tSPRtSH12,SW22,SRR
COMMON SNIOO.SNtO1,SN1O2,SNIIOSN112,XI12
COMMON XIOOXIOIX102,X103,X104, X105,X106tXlO7, XlOOX109,XllOXllI
COMMON NI00tNlOLN102tNIlONll2tINUA
COMMON KKKOUIKO0,KOKILU3tLU4,NNBLUS
EQUIVALENCE (DATA(66htUUS)9(DATA(67)tVV5)
E5 z 2.*PI/UU5
SK aVV5
PSUM a O.

2 D0 5 J a ltLU5
IIIJ.EQ.1) GO TO I
SK x SK + E5

I SSK = SIN(SK)
COSK aCOS(SK)
1K -HZ* XX *COSK +AZ YY *SSK +AZ BZ
CK -s(Al * COSK + XX)**Z + (BZ * SSK + YY)**2
XYZJ - Z113(CK)
PSUM z PSUM + 1K * XYLJ/UU5

5 CONTINUE
10 P113 z PSUM

RETURN
END

FUNCTION BijG(T)
S2 =SQRT(2.)
TA z T/S2
BIGG =.5 * (I* + ERF(TA))

I RETURN
ENO

SUBROUTINE DECRDODATA)
C DECIMAL CARD READ SUBROUTINE
C MAIN PROGRAM MUST CONTAIN A DIMENSION STATEMENT AND CORRESPONDING
C EQUIVALENT STATEMENT.
C ARRAY DATA MUST BE FIRST ENTRY IN BLANK COMMON IN PROGRAM.

DIMENSION DRBU15)v OATA(I) 11(5)
9 READ (5tlO) (11(l),lItI,5bliSTLtDRBU(J),Jz1,5I

J -IABS(IISTI.)IiIF (11(i).NE.0) GO TO 30
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20 DATA(J) ORBUM
30 J rJ+1

IF (I1STL) 50,4099
40 WRITE (6,900) (111!), 1=1,5), ISTL,(OR8U(J),Jal,5)

CALL EXIT
50 RETURN
10 FORMAT 1511,I7,5FI2.II)

900 FORMAT (IIt86H***AODRESS PORTION OF IP CARD a ZERO* RUN TERMINAT
lED. CARD IN ERROR PRINTED BELOW.***/IHO,5I11I7,SFlZ.1)

END

SUBROUTINE FF(OXOYtOLvStAF)
AF 0.
XPY =OX + OY
XMY =OX - OY
012 2.9 01
CALL EEIXPYOLSEEE)
El wEEE
CALL EE(XMY90O..;StEEE)
E2 a EEE
AF = EI-E2
RETURN
END

SUBROUTIME H(YXYL,tIXL)
HXL x 0.
IF(YL.EQ.O.) GO T0 I
XPLYxXYX YL
9ML x YX YL
HXL a IXPL*BIGG(XPL)-XML*BIGG(XML).SMG(XPL)-SNG(XML))/(Z.*YL)
GO TO 2

I HXL aBIGG(YX)
?RETURN
END

SUBROUTINE EE(XCLSEEE)
IF(S.EQ.O.) GO TO I
XS z X/S
SL CL/S
CALL H(XSSLcHXL)
EEEz- HXL
GO TO 5

1 AL = -CL
IF(X.LT.AL) GO TO 2
IFX GI:.CL.) Gil TO 3
EEC= IX4CL)/12.*CL)
GO TO 5

2 ELE=0.
GO TO 5

3 EEE= 1.
5 RETURN

END

SUBROUTINE SF(OX#OytSSMP)
IF(S.kQ.0.) GO Tj 1
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XPY X(OX + uY)Is
XMY z(OX-OY)/s
SMF = 8IGG(XPY)-8lGGtXMY)
GO TO 5

I IF(ABS(OX).LEov) GO TO 2
SMF az0
GO TO 5

2 SMF a1.
5 RETURN

END

SUBROUTINE HSlOXOLSH)
IF(OL.EQ.O.) GO TO I
CALL SF(OXOLti.,SMF)
SH a SMF/12.*OL)
GO TO 2

I SH aSMG(OX)
2 RETURN

END

FUNCTION M1P3SO)
IFISO.LE*.O11 GO TO 1
Z113 z (l.-EXP(-SO/2..fl/SO
GO TO 2

I Z113 - .5 SO5/$* + SO**2/48,
2 RETURN

END
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5.8. TEST CASES FOR A RIPPLE OF BOMBS AND FOR A RIPPLE OF FIXED DISPENSERS

Test Case I

1 23 1 1 0 0 2 0

NO NI N2 N3 N4 N5 NiO Ni N12 N13 N14 NIS
1 0 0 0 0 0 0 1 f 0 0 0

0 OF SP N NB NV NN4
40.00 20.00 0.95 24 1 0 3

A3 A4 83 84 Si S2 S3 S4
400.0000 200o000 100000 1.0000 30o0000 20.0000 0.0 00

TI T2 SUI SU2 Ut U2 LI QO
150.0000 100.0000 0.0 0.0 8.0000 8.0000 0.0 0.0

RI R2 DI D2 R Wi W2
",50000 30e0000 1.0000 1.0000 0.0 0.0 0.0

ETI ET2 GCL3 GCL4 UU5 VV5
0.0 0.0 0.0 0.0 40.OCOO 0.0

AJ)

-60.00CO -60.0000 -60.0000 -60.0000 -60.0000 -60.0000 -20.0000 -20.0000
-20.0000 -20.0000 -20.0(00 -20.0000 20.0000 20.3000 20.0000 20.0000

20.0000 20.0000 60.0000 60.0000 60.COOO 60.0000 60.0000 60.0000

0(J)
-20.0000 -0.0000 20.0000 -20.0000 -0.0000 20.0000 -20.0000 -0.0000
20.0000 -20.0000 -0.0000 20.0000 -20.0000 -0.0000 20.0000 -20.0000
-0.0000 20.000 -20.,000 -0.0000 2040000 -20.0000 -0.0000 20.0000

KO - 11 0.122739

X(lO) Xl11) X(12) X(131 X(14) X(15) X(30)

0.0 0.122739 0.0 00 0.0 0.o 0.0

X(OO) X(1O) X(102) X(103) XM1O) X(i051 X(1061

0.0 0.0 0.0 0.0 000 0.0 0.0

Xi1O7) X 108) Xl109) X(I101 XMill) X(I121

0.0 0.0 0.0 0.0 0.0 0.0

X(l1) is the expected fraction damage to an area target from a ripple of N(l) bombs,

each subject to a gaussian ballistic error and the whole ripple subject to a gaussian

aiming error. The area Is rectangular and oriented along and perpendicular to the

line of flight. The major damage is fragmentation. X(ll) uses R! and Rl2 entries and
B3-B4-i.
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Test Case 2

2 23 1 1 0 0 2 0

NO NJ N2 N3 N4 N5 N10 NIL N12 N13 N14 NIS
1 0 0 0 0 0 0 0 0 0 0 1

D DF SP N NO N I NN4
40.00 20.00 0095 24 1 0 3

A3 A4 B3 84 SL $2 S3 S4
400.0000 200.0000 20,0000 20.0000 30.0000 20.0000 0.0 0.0

I'1 T2 SUI SU2 Ul U2 Li O
150,0000 100.0000 0.0 0.0 8000C 8.0000 0.0 0.0

RI R2 Di D2 R WI W2
1.0000 1.0000 1.0000 1.0000 00 0.0 0.0

Enl ET2 GCL3 GCL4 UU5 VV5
0.0 0.0 0.0 0.0 4090000 0.0

AJ)
-60.0000 -60.0000 -60.0000 -60.0000 -60C0000 -60.0000 -20.0000 -20.0000
-20,0000 -20.0000 -20*0000 -20, GO0 20*0000 20,0000 20*0000 20.0000
20.0000 20.0000 60*0000 60o0000 60*0000 60.0000 60*0000 60.0000

51J)
-20.0000 -0.0000 20*0000 -20.0000 -0.0000 20,0000 -20.0000 -00000
20,0000 -20.000.,' -0.0000 20.0000 -20&0000 -0*0000 200000 -20.0000
-0.0000 20.004) -20,0000 -0*0000 20.0000 -20.0000 -0,0000 20,0000

KO a 15 0,0441656

X(101 Xll; X(121 X113) X(14) X(15 X(30)

000 0.0 0.0 0.0 0.0 0.048656 0.0

Mf OO Xl101.) X(1021 X(103) X1L041 X(1051 X(106)

0.0 0.0 0.0 000 0.0 0.0 0.0

X(107) X(1081 X(109) X1II0) Xlli) X(112)

0.0 0.0 0.0 0.0 0.0 0.0

X(15) is the same method of delivery as X(11) but the damage is based ,n impact (cookie-

cutter damage functior). X(15) uses B3 and B4 entries and R1-R2-1.
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Test Case 3

3 23 1 1 0 0 1 0

NO N1 N2 N3 N4 N5 NIO NIl NI2 N13 Ni4 NIS
0 1 0 0 0 0 0 0 0 0 0 0

0 OF SP N NB NV1 NN4
20.00 0.0 0.95 4 1 0 1

A3 A4 B3 B64 Si S2 S3 S4
400.0000 200.0000 1.0000 1.0000 30.0000 20.0000 0.0 .0

TI T2 SUl SU2 UI U2 LI QO
150.0000 100.0000 0.0 0.0 8.0000 8.0000 0.0 0.0

RI R2 DI 02 R WI W2
15.0000 30.0000 L.OOMi 1.0000 010 0.0 O.o

ETI ET2 GCL3 GCL4 UU5 VV5
0.0 0.0 O.C 0.0 40.0000 0.0

AJ I
-30.0000 -lO.0000 10.000 30.0000

ALL BIJ) z O.

X(l) X(21 X131 X(4) X(S)

0.031374 0.0 0.0 0.0 0.0

X(101 XIi) X(12) X(13) X(141 X(151 X(301

0.0 0.0 0.0 0.0 0.0 0.0 0.0

X(100) XI01 X(102) X(103) X(104) X1105) X1106)

0.0 000 0*0 00 00 090 0.0

X(107) X(108) X(1091 X(110) xIMI A(1121

0.0 O.0 0.0 0.0 0.0 0.0

X(l) is the same as X(11). The method of computation is different and is faster

than X(1l) provided Il(l)_i2. This restriction has been built in to the program.



-105-

Test Case 4

4 23 1 1 0 0 1 0

NO NI N2 N3 N4 N5 NIO NIl NIZ N13 Ni4 NIS
0 0 0 0 0 1 0 0 0 0 0 0

D OF SP N NB NVI NN4
20.00 0.0 0.95 4 1 0 1

A3 A4 63 B4 Si S2 S3 S4
400.0000 200*0000 20.0000 20.0000 30.0000 20*0000 0.0 0.0

TI T2 SUl SU2 Ul U2 LI QO
150.0000 100.0000 0.0 0.0 8.0000 8.0000 0.0 0.0

RI R2 01 02 R WI W2
1.0000 1.0000 1.0000 1.0000 0.0 0.0 0.0

ETI ET2 GCL3 GCL4 UU5 VV5
0.0 0.0 0.0 0.0 40*0000 0.0

A(J)
-30.0000 -1090000 10.0000 30,0000

ALL 8(J) u 0.

X1II X(2) X13) X(4) XlS)

0.0 0.0 0.0 0.0 0.009736

X(0) XIIll X(121 X(131 X1141 X(151 X130)

0.0 0.0 0.0 0.0 0.0 000 0.0

X(100) XMIO) X(102) X1103) X104) X1105) X(1061

0.0 0.0 0.0 0.0 0.0 0.0 0.0

X(OT) X(108) X(109) X(110) X1lii) X(l12)

0.0 0.0 0.0 0,0 000 0.0

X(5) is the same as X(15). It should be restricted to N(1)14.

Vz
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Test Case 5

5 23 1 1 1 0 1 0

NO NI N2 N3 N4 N5 N1O Nil Ni2 NI3 N14 N15
1 0 0 0 0 0 0 0 1 0 0 0

0 OF SP N NO NV NN4
0.0 30000 0.95 2 100 15 1

A3 A4 83 84 SI S2 S3 S4
800.0000 200.0000 1.0000 1.0000 1.0000 20.0000 0.0 0.0

TI T? SUI SU2 Ul U2 Li QO
150.0000 100.0000 000 0.0 8.0000 860000 1.0000 0.0

RI R2 D 02 R W1 W2
7.5000 15.0000 1.0000 1.0000 0.0 0.0 000

ETi ET2 GCL3 GCL4 UU5 VV5
0.0 0.0 0.0 0.0 40*0000 0.0

SVIJ)
0.0 100.0000 200.0000 300.0000 400.0000 500.0000 600.0000 700.0000

800.0000 900,0000 100090000 1100.0000 1200.0000 1300.0000 1400.0000

BPIIJI
000 0,0200 0.0400 0.0600 0.0800 001000 0.1000 001000
001000 0.1000 0.1000 000800 0.0600 0.0400 000200

ALL AMd) 0.

8(J)
0.0 000

KO u 12 O.141609

X(10) XILI X12) XI13) X(14) X415 XM30)

000 000 G.141609 0.0 000 060 0,0

XMOO) X(1011 X(102) X(103) X(104) X41051 X(1061

0.0 000 000 0.0 0.0 0.0 0.0

XMO7) X(108) X11091 X110) XVIIII X(l121

0.0 000 0.0 0.0 0.0 0.0

X(12) gives the expected fraction damage to an area target from a ripple of fixed

dispensers, where the ballistic dispersion of the bomblets in range is given by a

table. The deflection dispersion is gaussian, as is the aiming error. The major

damage effect is fragmentation. Ri, R2, CLI, QO, S2, and B3-B4-.l are required inputs.
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Test Case 6

6 23 1 1 1 0 1 0

NO NI N2 N3 N4 N5 NIO Nil N12 NI3 NI4 N15
1 0 0 0 0 0 0 0 0 1 0 0

D OF SP N NB NV! NN4
0.0 30.00 0*95 2 100 15 1

43 A4 B3 84 SI S2 S3 S4
800.OUO0 200.0000 1.0000 1.0000 1.0000 20.0000 0.0 0.0

TI T2 SUI SU2 UI U2 LI QO
150.0000 100,0000 0.0 0.0 8.0000 8)0000 1.0000 0.0

RI R2 01 02 R W1 W2
7.5000 15.0000 1.0000 1.0000 0.0 0.0 0.0

ETI ET2 GCL3 GCL4 UU5 VV5
0.0 0.0 0.0 0.0 40.0000 0.0

SVI(J)
0.0 100.0000 200.0000 30090000 400G0000 500*0000 600.0000 700.0000

800.0000 900.0000 1000.0000 1100.0000 1200.0000 1300.0003 1400eO000

BP IIJ)
0.000 0.02400 0,0600 00800 001000 C0.000 01000
0,1000 0.0100 0.1000 0.0800 0.0600 0.0400 0.0200

ALL A(JI - 0.

BJ)
0.0 0.0

KO * 13 0,I39480

X1101 X(II) X11?. X(131 X(14) X(15) X(30)

0.0 0.0 0.0 0.139480 0.0 0.0 0.0

X(100) X(lO1) X(1021 X(103) X(104) X(105) X(106)

0.0 0.0 0.0 0.0 c0o 0.0 0.0

X,107) X(1081 X(1091 X(lIO) X1li1 X(l121

0.0 0.0 0.0 0.0 00 0.0

X(13) is an approxsj:ation to X(12).
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Test Case 7

7 23 1 L 1 0 1 0

40 MI NZ N3 N4 N5 N10 N1L N12 N13 N14 i5LS
1 0 0 0 0 0 n 0 0 0 1 0

0 DF SP N NB NVI NN4
0.0 30.00 0.95 2 100 15 1

A3 A4 83 84 Sl S2 S3 S4
800.0000 20C.0000 15.0000 IS.0000 1.0000 20.0000 0.0 0.0

Ti T2 SUl SUZ U1 U2 Li 00
150.0000 100.0000 0.0 0.0 8.0000 8.0000 1.0000 0.0

Rl R2 01 02 q W1 W2
1.0000 L.0000 I.000 1.0000 0.0 c.o 0.0

ETI ET2 GCL3 GCL4 UU5 VV5
0.0 0.0 0.0 0.0 40.0000 0.0

SVzIJ)
0.0 lO.O000 200.0000 300.0000 400.0000 500.0000 600.0000 700,0000

800.0000 900.0000 1000.0000 IIO0,OO0 1200.000 1300.0000 1400.0000

00 0.0200 090400 0.0600 0.0800 0.1000 0.1000 0.1000

0.1000 0.1000 0.1000 0.0800 0.0600 0.0400 0.0200

ALL AWI 0.O

0.0 0.0

KO 1 14 0,099638

XI1O1 Xilli X4121 X(131 X(141 X(51 X130)

0.0 0.0 0.0 0.0 0.099638 0.0 0.0

X(1001 X(101) X1 1021 X(1031 X11041 X1iO5l X1106)

0.0 0.0 0.0 0.0 0.0 0.0 0.0

X11071 X( 1061 M,1091 X1101 X(11i X11211

0.0 0.0 0.0 0.0 0.0 0.0

X(14) Is for the same type of delivery as X(32) but the damage effect is based on im-

pact (cookie-cutter damage function), Required inputs are B3, B4, and Rl-R2-l.
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Test Case 8

8 23 1 1 1 0 1 0

NO NI N2 N3 N4. NS NIO Nll N12 N15 Ni4 .15
0 0 1 0 Q 0 0 0 0 0 0 0

0 OF SP N NB NVI NN4
COO 0.0 0.95 1 30 15 1

A3 A4 83 B4 S1 S2 S3 54
800.0000 200.0000 1.0000 1.0000 1.0000 20.0000 0.0 0.0

T"1 1T2 Sul SU? U1 U2 L 1 QO
150.0000 100.0000 0.0 0.0 8.0000 8.0000 1.0000 0.0

RI R2 DI D2 R WI W2
7.5000 15.0000 1.O0CO 1.0000 0.0 0.0 0.0

ETI ET2 GCL3 GCL4 UU5 VV5
0.0 0.0 0.0 0.0 40.0000 C'.G

SVI(JI
0.0 100.0000 200.0000 300.0000- 400.0000 500.0000 600.0000 700.0000

8C0.0000 900.0000 1000,C000 1100.C000 1200.0000 1300.0000 1400.0000

BP11J)
0.0 0.0200 0.0400 0.0600 0.0800 C.10C0 0.1000 0. 1000
0.1000 0.1000 0.1000 0.0800 0.0600 0.0400 0.0200

ALL A(J) a 0.

ALL BJ 0.

X 11) (Z X(3) X(M) X(S)

0.0 0.028578 0.0 0.0 0.0

X(1O) Xl111 X4121 X(13) X(l4) X(15) X(301

0,0 0.0 0.0 (,.0 0.0 0.0 0.0

X(OO) Xf 101) X(102) X1103) XM104) XIOS) X(1061

1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

X(1071 X(108) X(1091 X(1101 XliLti X(II1)

0.00 0.0 0.0 0.0 0.0 0.0

X(2) is the same a,; X(12) except for the method of computation. It applies only to

one dispenser and is valid for a small number of bomblets (NB<30).
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Test Case 9

9 23 1 1 1 0 1 0

NO NI N2 N3 N4 N5 NIO NIL N12 N13 NI4 NI5
0 0 0 1 0 0 C 0 0 0 0 0

D OF SP N N NV I NN4
0.0 00 0.95 1 30 15 1

A3 A4 83 84 Sl 52 S3 S4
800.0000 200.0000 1.0000 1.0000 10000 20.0000 0.0 0.0

TI r2 Sul SU2 Ul I12 LI QO
150.0000 100.0000 0.0 0.0 8.0000 6.0000 I.0000 0.0

RI R2 DI 02 R wi W2
7.5000 1590000 1.0000 100000 0.0 0.0 00

ETI ET2 GCL3 GCL4 UU5 'V5
0.0 0.0 0.0 0.0 40*OC00 0.0

SVI(J)
0.0 100.0000 200.0000 300.0000 400.0000 500,0000 600.0000 700.0000

800.0000 900.0000 1000.0000 1100.0000 1200.0000 1300,0000 14CO.0000

BP (J)
0.0 0.0200 0.0400 0.0600 0.0800 0.1000 0.1000 0.!000
0.1000 01000 00O100( 0,0800 OC600 0.0400 0.0200

ALL AJ ID 0.

ALL B(J) a 0.

X11 X(21 X(31 Xl'. X(S

0.0 0.0 0.027904 0.0 0.0

X(I01 Xill X(121 X(131 X(141 XC151 X(301

0.0 0.0 0.0 0.0 0.0 0.0 0.0

X(00) X11OI) X11021 X(1031 X(1041 X1C51 X1106)

0.0 0.0 0.0 0.0 0.0 0.0 0.0

X(107) XMOB8 X1109l XL1O) Xli111 XIl12)

00 0.0 0.0 0.0 000

X(3) 4s the same as X(13) except for the method oi computation. It applies only to

one dispenser and is valid for a small number of bomblets (NBs30).



Test Case 10

10 23 1 1 1 0 1 0

NO NI N2 N3 N4 N5 NIO NIl NI2 N13 N14 N15
0 0 0 0 I 0 0 0 0 0 0 0

D DF SP N NE NVI NN4
0.0 0.0 0.95 1 30 15 1

A3 A4 B3 B4 SI S2 S3 S4
800.0000 200.0000 15.0000 15.0000 1.0000 20.0000 0.0 0.0

TI T2 SUl SU2 Ul 412 LI 0
150.0000 10000000 0.0 0.0 8.0000 8,%000 1.0000 0.0

Rl R2 DI D2 R W1 W2
100OCO 1.0000 1.0000 1.0000 0.0 0.0 0.0

ETI ET2 GCL3 GCL4 UU5 VV5
0.0 0.0 0.0 0.0 40.0000 C.o

SVI(J)
0.0 100.0000 200.U000 300.0000 400.0000 500.0000 600.0000 700.0000

800.00000 9C44000 lO0000U 1100.o0000 1200.0000 1300.0000 1400.0000

0.0 0.0200 0.04C 0.0600 (00800 00.000 0.1000 0.1000
0. 1000 0.1000 0.10O0 O.OR(iO 0.0600 C90400 0.C200

ALL A(J *3 0.

ALL BIJI a 0.

X11) Xl 2) X(31 X(41 X(S

c.0 U00 CoC 0.018550 0.0

Xl10) X1II) X(12) X1131 X114) x(1S) X1301

0.0 0.0 0.0 0.0 0.0 0.0 0.0

XMIOO) Xl101) X11021 X(1031 X(104 XI1051 X(L06)

0.0 0.0 C.,0 0.0 0.0 0.0 0.0

X10?) KLOS) X1 1091 XILLO) X(LI1 XILL2)

0.0 0.0 0.0 0.0 0.0 0.0

X(4) is the same as X(G) except for the method of computation. It applies only to

one dispenser and is valid for a small number of bombiets (NB<30).
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5.9. TEST CASES FOR A RIPPLE OF DISPENSERS, RECTANGULAR BOMBLET PATTERN

The series X(103) through X(106) applies to ripples of dispensers released from tile

carrier, which provide a rectangular pattern of bomblet impact points. X(103) ap-

plies to the case in which the majcr damage effect is frcm fragmentation, while

X(G05) is for the cookie..cutter damage effect case. The ballistic dispersion is

taken into account for these cases. If the MAE of an individual bomb~e is appreci-

able (say, at least a tenth) of the total dispenser pattern area, the edge effects

(effect of a bomblet outside the pattern area) become important. In these cases,

X(104) is used for the fragmentation case and X(006) for the cookie-cutter case.

In both the latter, the dispenser ballistic dispersion is ignored. SI=S2="3=4-,0.
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Test Case 11

II 23 1 1 0 0 1 1

NO NIO0 NIOI N102 N103 N104 NI05 N106 NO7 NIO8 N109 N41 Nil1 N112
1 0 0 0 1 0 0 0 0 0 0 C 0 0

0 OF SP N NB NVI NN4
0.0 0.0 1.00 1 300 0 1

A3 A4 B3 84 SI S2 S3 S4,

320.0000 32000 .0000 I.OCO .G000 000 OO 50.0000 30.0000

TI T2 SUI SU2 UI U2 tI 0
200.0000 150.0000 0.0 0.0 8.0000 8.0000 0.0 0.0

RI R2 01 02 R WI W2
7.5000 15.0000 1.0000 1.0000 0.9000 0.0 0*O

ETI ET2 GCI.3 GCL4 UU5 VV5
oc, 0.0 180.0000 150.0000 40.0000 0.0

ALL AIJI a 0.

ALL 8(J s .

SWI S5 R3
0.0 38.7298 10.6066

KO - 103 0.191514

X(IO) X(ii) X(12) X(131 X(141 XC15) X(301

0.0 0.0 0.0 c.o 0.0 0.0 0.0

X(1001 X(1OI) X(102) X(103) X(104) X(105) x(1061

0.0 0.0 0.0 0.19151. 0.0 0.0 0.0

X1107. x(1081 x(109 0.LO) .ll0 X(l0

000 0.0 0.0 0.0 0.0 GOO
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Test Case 12

12 23 1 1 0 0 1 1

NO NIO0 N1I NIO2 N103 N104 NI05 NIO6 NIOT NIO8 NIC9 NI1O N111 Nil2
1 0 0 0 0 0 1 0 0 0 0 0 0 0

0 OF SP N NB NVI NN4
0*0 %0 0 1.00 1 300 0 1

AL3 A4 G3 B4 Si S2 S3 S4
320.0000 32U.,0000 100000 1090000 000 000 50,0000 304000

T " T2 Su0 .U2 Ul U2 L QO
200,C00 . 950,0000 00, Oc 8,0C00 8,0CO 000 00

Ri R2 U 02 R I W2
1,0000 10000 1"0000 l.OOUO 09000 00 00

ET1 E T2 GCL 3 GC L4 UU5 VV5

.00 0,.0 1800C0 150c00 40°0000 Coo

ALL AWJ) a 0.

ALL b(JI c 0.

S;41 S5 R3
0,0 3891298 1,00(jO

KO a 1(.5 M 74095

X(lO) X4111 X(12t Xl13) X(141 X15) X(301

000 0,0 0,0 U0,0 0,0 0,0 0iv0

Moo10) X1 l0l1 X(1021 X(1031 X(1041 X(!051 X11061

060 0,0 .o ,0o 0.0 D.OO C74095 0, 0

X(1071 X( 1081 X(1091 X(110) Milll X11121

0.0 0.0 0.0 0.0 0.0 010
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Test Case 13

13 23 1 1 0 0 1 1

NO 14100 NIUI N102 N103 N104 N105 N106 NI07 NI08 N109 NIIO NII N1I2
1 0 0 0 0 1 0 0 0 0 0 0 0 0

0 DF SP N NB NV! NN4
0.0 0.0 1.00 1 20 0 1

A3 A4 83 B4 S1 S2 S3 S4
320.0000 320.0000 1.0000 1.0000 0.0 0.0 0.0 0.0

TI T2 SUl SU2 UI U2 tI gO
200.0000 150.0000 00 0.0 8.0000 8.0000 OC 0.0

Ri R2 DI D2 R Wl W2
30.0000 40.0000 1.0000 1.0000 0.9000 0.0 0.0

ETI ET2 GCL3 GCL4 UU5 VV5
0.0 0.0 180.0000 150.0000 40.0000 0.0

ALL A) a O.

ALL S(J) a 0.

SWI. S5 R3
0.0 O.1000 34.6410

KO a 104 0.165298

X110) X1111 X(121 X(131 X(141 X(15) X(30)

0.0 0.0 0.0 0,0 0.0 0.0 0.0

M(OO) X( I01P X1 1021 X(103s X(1041 X(1051 X(1061

000 0.0 0.0 (.0 O.165298 0,0 Ceo

X(107) X(108) X(109) X(lo) XMill) X(112)

000 0.0 0.0 0.0 000 0.0



-116-

Test Case 14

14 23 1 1 0 0 I 1

NO NIOC NIGI N102 N103 N104 N105 N106 N107 NIO N109 N11O NI11 N112
1 0 0 0 0 0 0 1 0 0 0 0 0 0

0 OF SP N NB NV( NN4
G.0 0.0 1.00 1 20 0 1

A3 A4 b3 B4 SI S2 S3 S4
3Z0.00 320.0000 70.000 70.0000 0.0 0,0 0.0 0.0

TI T2 SUl SU2 U1 U2 ILI Q0
200.0000 150.0000 0.0 0.0 8.0000 8.OCOO 0.0 0.0

RI R2 01 D2 R WI W2
100000 1,0000 100000 I*GO00 009000 000 000

ET1 E T2 GCL 3 GC L4 UU5 VV5
o0. 000 180,0000 15000000 40*0000 coo

ALL BIJ) = 0.

SWI 55 R3
0.0 0.1000 1.000O

KO IC6 0.199237

XllOI Milll M1l21 X(131 X(141 X(151 X1301

0.0 0.0 0.0 0.0 0.0 0.0 0.0

X(100) X11011 X(102) M11031 X(104) X1105) XI1061

0.0 0.0 0.0 0.0 0.0 0*0 0*199237

XcI07) 0 X109) 0.lo 0.0111 X(12)

c.oo 0.0 0190 0.0 0.0 0.0
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5.10. TEST CAIGES FOR A RIPPLE OF DISPENSERS, ELLIPTIC BOMELET PATTERN

X(107) through X(109) apply to ripples of dispensers released from the carrier,

which provide an elliptic pattern of bomblet impact points. X(I07) applies to the

case in which the major damage effect is fragmentation, while X(109) applies ro the

cookie-cutter type damage effects. The ballistic dispersion is taken into account.

If the MAE of an individual bomblet is appreciable compared with the total dis-

penser pattern ares, the edge affects (effect of a bomblet outside the dispenser

pattern arca) become important. In this case, X(108) Is used for a fragmentation

effect. For the cookie-cutter effect, one may use an equivalent rectangular pat-

tern (equal area and ratio) in X(106) above.
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Test Case 15

15 23 1 1 0 0 1 1

NO NIO0 NIO N102 N103 N104 N105 N106 NIOT NI08 N109 NIIO NiII N112
1 0 0 0 0 0 0 0 1 0 0 0 0 0

0 OF SP N NB NV1 NN4
100.00 0.0 1.00 2 00 0 1

A3 A4 83 84 Si S2 S3 S4
320.0000 320.0000 1o0000 1,0000 0.0 0.0 50.0000 30.0000

TI 12 SUI SU2 UI U2 LI QO
200.0000 150.0000 0.0 0.0 8.0000 8.0000 0.0 0.0

RI R2 DI 02 R WI W2
7.0000 14.0000 .0000 1.0000 0.9000 0.0 0.0

Ern ET2 GCL3 GCL4 UU5 VVS
200.0000 150.0000 0.0 0.0 40.0000 0.0

A(J)
-50.0000 50.0000

ALL 8(J) a 0.

SWi $5 R3
0.0 36.7298 9.8995

KO a 107 0.305239

X(I Ki 11) X4121 X(13) X(141 X(15) X(30)

0.0 0.0 c.o 0.0 0.0 0.0 0.0

XM100) X(1011 X(102) X(103) X(104) X(105) X(1061

0.0 0.0 o0 0.0 0.0 0.0 0.0

X(1071 X(1081 X(109) X(1101 X4111) X(112)

0,305239 0.0 0.0 0.0 0.0 0.0
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Test Case 16

16 23 1 1 0 0 1 1

NO N100 NiOI N102 N103 N104 NIOS N106 NO7 N108 N109 N11O NIhI N112
1 0 0 0 0 0 0 0 0 1 0 0 0 0

0 OF SP N NB NVI NN4
100.00 0.0 1.00 2 400 0 1

#44 I w S2 S3 S4
320,d000 320.0000 1.0000 1.0000 0.0 0.0 0.0 0.0

Ti T2 SUl SU2 UI U2 LI QO
200.0000 150.0000 0.0 0.0 8.0000 8.0000 0.0 0.0

RI R2 01 D2 R WI W2
7.0000 14,0000 t.".0000 1,0000 0.9000' 0,0 0.0

ETI ET2 GCL3 GCL4 UU5 VV5
200.0000 150.0000 0.0 0.0 40.0000 0.0

AM)
-50.0000 50oOCOO

ALL 5(J) O

SWI SS R3
0.0 0*1000 908995

KO w 108 0.311146

X(1O) Xli) X(12) X(131 X(14) X(15) X(30)

0.0 0.0 0.0 0.0 U*O 0.0 0.0

MIIOO X41011 X(1021 X(103) X(104) X(105) X(1061

000 0.0 0,0 0,0 0.0 Ce* 0.0

X(107) X1081 X(1091 MillO) XMIlI) X(112)

0.0 0.311146 0.0 0.0 0.0 0.C
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Test Case 17

17 23 1 1 0 0 1 1

NO NIO0 N1Ol N102 N103 N104 NI05 N106 NI07 NiO8 N109 NIO Ni,11 N.12
1 0 0 0 0 0 0 0 C 0 1 0 0 0

D OF SP N NB NVl NN4.
100.00 0.0 1.00 2 400 0 1

A3 A4 B3 B4 SI S2 S3 S4
320.0000 320.0000 10.0000 10.0000 0.0 0.0 50.0000 30.0000

TI 12 SUl SU2 U1 U2 LI QO
200.0000 150.0000 0.0 0.0 8.0000 8.0000 0.0 0.0

RI R2 Di D2 R wI W2
7.0000 14.0000 1,0CC 1.00GC 0.9000 0.0 0.0

ET1 ET; GCL3 GCL4 UU5 VV5
200,0000 15,O0O000 0.0 0.0 40.0000 0.0

AJ)
-500co 50.0000

ALL BJI z 0.

SWI S5 R3
0.0 38o7298 908995

KO * 109 0.166712

X(lO) Xll) X(12) X(131 X(141 X(15) X(3C)

0.0 0.0 0.0 0.0 0.0 C.0 0.0

X(l001 X(101) X(lO2) X(1031 X(1041 X(1051 X(106)

0.0 000 0.0 co G 0.0 0.0

X(107) X(0 X(011 Xl.l Mlul X011.2

000 000 0.166712 G*u 000 00
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5.11. TEST CASES FOR A RIPPLE OF DISPENSERS, ELLIPTIC ANNULUS BOMBLET PATTERN

X(11O) through X(112) are the s9me, respectively, as X(107) through X(109) except

that the dispenser pattern 'ka an elliptic annulus. X(11O) applies to the fragmen-

tation case while X(112) applies to the cookie-cutter case, X(111) is the fragmen-

tation case when the edge effects must bc taken into account.

..I, . w w
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Test Case 18

18 23 1 1 0 0 1 1

NO NIO0 NIUI N102 N103 N104 NIO5 N106 N107 NIO8 N109 NL10 N111 N112
1 0 0 0 0 0 0 0 0 0 0 C 0 1

D OF SP N NB NVI NN4
100.00 00 1.00 2 400 0 1

A3 A4 83 B4 Si S2 S3 S4
320.0000 320.0000 10.0000 10.0000 0.0 0.0 50,OOC0 30.0000

TI T2 SUl SUZ UI U2 LI QO
200.0000 150.0000 0.0 0.0 8.0000 8.0000 0.0 0.0

Ri R2 DI D2 R WI W2
7.0000 14.0000 ..0000 1.0000 0.9000 100.0000 75.0000

ET1 ET2 CL3 GCL4 UU5 VV5
200.0000 150.0000 000 0.0 40o000 010

AJ)
-500000 50.0000

ALL BJ) x 0.

SWI $5 R3

86.6025 38.7E98 9,8995

KO a 112 0.153198

X(10 Xt1l X(12) X(131 X(141 X(15) X(301

0.0 0.0 0.0 0.0 0.0 0.0 0.0

MOiO0) MlOD X(102) X(1031 X(lO|04O) X IIf ~ 061

0.00 00 0.0 0.0 0.0 0.0 0.0

X(107) X(1081 X(109) IIlO) X1l111 X(l12)

0.0 0.0 0.0 o.0 00 0.153198



Ii
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Test Case 19

19 23 1 1 0 0 1 1

NO NIO0 NIOl N!O9 N103 N104 N105 N106 N107 NIOB NL07' NIlO NIII N1i2
1 0 0 0 0 0 0 0 0 0 0 1 0 0

D DF SP N NB NV! NN4
100-00 0.0 1000 2 4u0 0 1

A3 A4 83 84 SI S2 S3 S4
320.00,vO 320.0000 1.000 1.0000 0.0 0.0 50000 30.0000

TI T2 SUl SUl UI U2 LI QO
200.0000 1500000 0.0. 000 8.0000 6.000.0 000 000

RI R2 DI D2 R 41 W2
7.0000 14,oOO 1.0000 1.0000 0.9000 1O00000 75.0000

ETI ET2 GCL3 GCL4 UU5 VV5
200.0000 150,0000 0.0 00 40.0000 00

A(J)

-500000 50.0000

ALL 8J) v 0.

SWI S5 R3
86.6025 38.7298 9.8995

KO a 110 0.268495

X(IO) Xf III X112) X(131 X114) X(151 X(30)

000 1.0 0.0 0.0 0,0 000 0.0

X(100) X(101) X(102) X(1031 X(1041 XO(10 X(1061

0.0 0.0 0.0 0.0 0.0 (,SO 0.0

(1071 X(1081 X( 10,1 X(tlo) XMll X(112)

0.0 000 0.0 0,268-95 0.0 000



Test Case 20

2C 23 1 1 0 0 1 1

NO NiOO NIO N102 N103 h104 N105 N106 NIO? NIOS N109 NID N141 Ni2
1 0 0 0 6' 0 0 0 0 0 0 0 1 0

0 OF SP N NO NVI NH4
100.00 0.0 1.00 2 40 C, 1

A3 A4 B3 B4 Si 52 S3 S4
?,2u.0000 320.0000 1.0000 1.0000 0.0 0.0 0. 0.0

TI T2 SUI SU2 UI U2 Ll g0
ZOOCUOO 150.0000 0.0 0.0 80c00 8.0000 0.0 0.0

RI R2 Dl D2 R WI W2
30.00 40.O00u 1.000 1.0000 0.9000 100.0000 100,0000

ETI ET2 GCL3 GCL4 UU5 VV5
200.0000 200,0000 0.0 0.0 40o.0000 0.0

-50.0000 50.0000

ALL B(j) O O.

SWi 55 R3
O0.OOO 0.1000 34.6410

KO a 111 0.383570

X110) Xill X(121 XQL31 X(14) X(IS) X(301

0.0 0. 0, 0,0 0.0 0.0 0.0

XM00) X(0l X(1021 X11031 X(104) X(1051 X(106)

0.0 0.0 000 0.0 0.0 0.0 0.0

X(107) X(1081 X(109) MILlO) X(LiI) X(112)

000 0.0 0.0 0.0 0.383570 0.0
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5.12. TEST CASES FOR A RIPPLE OF LISPENSERS, CIRCULAR ANNULUS BOMBLET PATTERN

X(lO0) r'J-ou.h X(102) are the same, respectively, as X(IIO) through '(112) except

that the bomblet patterns are circular. rurther, an approximation is made that is

valid only when the ratio of the pattern raciut to the ballistic error is suffi-

ciently large. X(iO0) applies to the fragmentatom case while X(102) applies to

the cookie-cutter case. X(101) is the fragmentation case when edge effects must

be taken into eccount.
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Test aqe 21

?1 23 1 1 0 0 1 1

NO NIO0 NIOI N102 NI03 N104 NI05 NIU6 NI07 NIOS NIG9 NLIO NIl N112
1 1 0 0 0 0 0 0 0 0 0 0 0 0

0 OF SP N NB NV ! NN4

30.00 0.0 l.CO 6 200 0 1

A3 A4 83 B4 SI S2 53 54
40090000 200.0000 110000 1.00(l0 G.O. 0.0 30.0000 30.0000

T1 T2 SUl SU2 UI Uz LI QO
200.0000 150.0000 0.0 0.0 800000 8.0000 0.0 0.0

RI RZ 01 D2 R wE W2

760000 14:0000 1:0000 1.0000 0:9000 100.0000 100.0000

ET I ET2 GCL3 GCL4 UU5 VV5
300.0000 200*0000 000 000 40o0000 0.0

-75.0000 -45.0000 -15.0000 150U00 45.0000 75.0000

ALL 8(z) 0.

SWI 55 R3
100.0000 30.0000 9.8995

KO a 100 0.4161- 09

X(IOI Xill X(I2) '4(131 Xfl4) X(15) X(301

0.0 0,0 u.0 0.0 0.0 0.0 0.0

X(I00) X(ll X 102) X(1031 X(104) X(1051 X(1061

Ce419'09 0.0 0.0 000 0.0 . 0.0 0.0

X(371 X(108) X(1091 K(liO) Xill) X(112)

0.0 0.0 . 0.0 0.0 00
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Test Case 22

22 23 1 1 0 0 1 1

NO NIOO NOI N102 N103 N104 NIOS N106 N10 NIOS N109 N110 N1ih R112
1 0 0 1 0 0 0 0 0 0 ) 0 0 0

0 OF SP N NB NV) NN4
30.00 0.0 1.00 6 200 0 1

A3 A4 53 84 si S2 S3 S4
400.0000 200.0000 10.0000. 10.0000 0.0 0.0 30.0000 30.0000

T1 T2 SUl SU2 UIl U2 LI Qo
20090000 150.0000 0.0 0.0 6.0000 8.0000 0.0 0.0

RI R2 DI 02 R WI W2
1.0000 1.0000 140000 1.0000 0.9000 100.0000 100.0000

ETI ET2 GCL3 GCL4 UU5 VV5200.0000 200.0000 0.0 0.0 40.0000 0.0

AJ)
-75.0000 -45.0000 -15.0000 15.0000 4:.O000G 75.0000

ALL 8(J a O.

SW1 S5 R3
100.0000 30.0000 1.0000

KO a 102 0.226833

X110) Mill) MVl2 X11 X(141 X(15) X(301

0.0 0.0 0.0 0.0 0.0 0.0 0.0

X(100) X(I0I) X(102) XIO3# X(104) X(105# X(1061

0.0 0.0 0.226833 0,0 0.0 ,0.0 0.0

X1107) X(108) X(109) X4I0) X(i1) X(1121

0.0 0.0 0.0 0.0 0.0 000

___
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Test Case 23

23 23 1 1 0 0 1 1

NO NIO0 NIO N102 N103 N104 NIOS N106 N107 NIO N109 NIIO NII N12
1 0 1 0 0 0 0 0 0 C 0 0 0 0

0 OF SP N NB NV I NN4

30.00 0.0 1.00 6 20 0 1

3 A4 83 84 Si S2 S3 S4

400.0000 200.0000 1.0000 1.0000 0.0 000 0.0 0.0

1 . 2 SUl SU2 Ut U2 Ll QO
2qk,.COO 150.0000 0.0 0.0 8.0000 80000 0.0 0.0

Rl R2 D 02 R wi W2
ISoCCO 19.0000 1.0000 .00000 009000 00.C.00 100.0000

E1VI ET2 GCL3 GCL4 UU5 VVS
200.0000 200o000 0.4 0.0 40.0000 0.0

A(J)

-754*000 -45.0000 -15.00CC 15.OO00 45900() 75.0000

ALL B(J I O

SWI S5 R3
100.0000 0.1000 16. R819

KO a 101 0.211221

X(1O) XI) X(121 X113) X4) X(IS) X(301

0.0 0.0 0.0 0.0 0.0 0.0 0.0

X(10) X41011 X(102) X(1031 X(104) X(1051 X(1061

0.0 0.211221 XO C*o 00 0.0 0.0

X(107) X(108) X11091 X1llO) X(111) X(112)

0.0 0.0 0.0 0.0 0.0 O.0
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Appendix A

TRAIN DISTRIBUTION

Consider a train of N weapons delivered in a pattern. The ba!llistic centers

of impact forming the pattern are at points (ai,bi),i-1,2,...,N. The origin is

selected -uch that Ea.-Sb.-O. Each weapon is subject independently to a ballistic

error whose distribution B IS a3sumed to be of the form

B(X,Y)-BR1 (X)B2 (Y),

where BI(X) is the distribution of ballistic errors in range () and N2(Y) is the

distribution in deflection (y). Let bi(x) and b2(y) be the corresponding density

function, i.e.,

x
BI(X)= b(x)dz.

We shall assume that the distributions have mean zero and atandard deviations a

and 8 respectively.

The form of the functions b, and b2, the values of a and a , and the pattern

values (a,b.) must be determined through some testing procedure. If the data

are sufficiently complete (individual data for each weapon in a train), the indi-

vidual distributions B1 and B2 can be used as required in the methods of Ref. [1].

In general, B1 and D2 can be arhitrary distributions. For normal train bombing,

the values of a. and bi can be determined from the delivery conditions and inter-

valometer settings. For the methodology of Sec. 3, it is necessary that B1 dnd B2

be gaussian in form, so that only 8 and 8 are needed. The spaci:1gs a. and b.

are, of course, necessary as further inputs. However, for some of tae cluster-

type weapons, the complete data are not available. Although the complete data are

available in other easesi the simplification considered here is usually sufficient.

Let us assume that the test data in range are only sufficient to estimate the

expected number of weapons landing in a set of range intervals. Specifically, for a
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set of K Intervals between the points Xo,X I , ; :2 ... ,X, we obtain the corresponding
K

number of ve~pons NI,N2,...,NX, where the total number is *-= N.. We form the

percentage distribution within intervals

N.

and the sample density

w.(A.1) Pin-
IZ1.

We shall view the pi as an estimate of the probability density function p(x) of a

single weapon, where P(X)- p,(x)dx is the prcibability that an individual weapon

landed s Y. Basically, we are using as an approximate model one in which each

weapcn is randomly drawn from the positions in the train. We therefore assume

that

M(X)aPi ' X.- S:SX I

(A.2)

e(X.)- Pit- j.1,2,3... %K.

The first moment K and variance S2of the distribution P(X) are given by

Yufzp (z)dz- IiL!L)

(A.3)

2. f(2 +2+!Xs2~2p z~z- 1 jxi. .,4X.X. .-S - P2(z.)dz- -I . i-I ..

3 /

The above model, in efiect, assumes that each weapon in the pattern is aimed

at the center of the pattern. For synnetric patterns, the center is estimated as

the mean point K. However, the data are often quite irregular, no that some smooth-
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ing must be done. We have chosen to use the quartiles X.25 and X.75 as character-

istics to be used in the fitting process, since their use introduces a type of

smoothing. The center Xa then is defined as the midpoint between the quartiles

x 25 + ' T. 75
(A.4) Xa 2

For symmetric patterns, X -X. Thus X and X are defined by the equations
C.25 an 7 r5 eie b h qain

P(X. 2 5)-.25,

P(X.75)- .75.

Define i and J by the conditions

(A.5)

Then X 2 5 and X 7 5 are given by the equations

(15-P (xY.T)(xT+ I-XI)
x. 25 _x

(A.6)

7 5 ' J+(X.-P + 1x -Xj

where P(X.) is given in (A.2).

Finally, making the change in variable mX-X to center the coordinate sys-

tem on the pattern center and using (A.4), we obtain the center x0 and the quar-

tiles x and x
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X -0,C

X -X
(A.7) X. 75 X. 75 -X;. 2 .25

- - X ' 2 5 - X ' 7 5 . _X ,

2 5 "X.2 5 -X \( "2 "}- . 7 5 '

where X.25 and X.75 are given in (A.6). Thus, we have characterized the data by

three characteristics: xe , S, and x.

In this case, we do not have enough information to determine che form of

the ballistic distribution B1(X) oc: of the pattern aj. Let us assume that the

form of Bl(X) is gaussian with varia-ice e2 and that the ai are known. Then, for
X

a delivery of N weapons, the expected number falling short of X is

N /x-a\ N , c-aj

/- \X/ Z. ' I X/

and the percentage of weapons erpected to fall short of X is

QWi. 1 G\Zx

The function P(x) is an approximation to this function, Q(x). We will make the

assumption that the N weapons are evenly spaced, i.e.,

(A.8) a.-(2i-N-1)d,

where 2d is the spacing. We have characterized F by tl.ree parameters: x -0,C

variance S2, and upper quartile x We will determine values for d and ax under

the restriction that the distributions Q(x) and P(x) have the same variances and

quartiles. Our conditions are thus

2 (2i-N-1)2



I
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N 

j)5-a.7

e- \ x 75

I , 8 X 25.i -. 25.

Since .25 - the latter two are equivalent. Subtracting and combining, we

obtain the equivalent condition

where f(x,y) is defined as

f (x,y)-=G(x+y)-G (x-y),

and thus f(-x,y) - f(x,y). In summary, our conditions are

2N2. d 2 ,

(A .11) -- - ,,
x

x d 0o.

i.e., dand eare determined from thes6 conditions.
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Appendix B

STICK DISTRIBUTION

There are occasions when the ballistic dispersion of a cluster of weapons

may be approximated by what will be called the "stick distribution." Considey the

problem of throwing a stick at a line perpendicular to the stick in an attempt: to

cover the line. Assume a stick of length 2L, with the center aimed at the point

0. Assume that the error in throwing tne stick is governed by a gaussian distri-

bution with variance e2 . The probability of covering the offset point X is given

by

Prob(point at x covered)=[ -Lg( ,

where g(x)- exp(-x2/2)I/2't,. Define the function h(r,L) as

X +L
(B.1) h(xL)- g(y).

The function h(x,L) can be viewed as a probability density function, since

(B.2) h(x,L)dx-1.

We will call the distribution function H(z,L) the stick distribution, i.e.,

iX X .y+L

(.)H(X,L)-1 h~y,Ldy gzxdxy
-w y-L

More generally, we have

X/S X(B.4)H/x ,6\ elh/ y. tx- h( r\t
w EP 8i -C aa88

The first moment of H(X/e,L/e) is

(.5 0 ,,e e/
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and the variance is

(B.6) , 2 3

Note that we can expre_-= I in terms of G and g. Using Lemma 3 of App. D and (B.3),

we obtain

X

(B.7) a k)rn -LETy.+)-G(y-L)J y

1 [(X+L)G(X+L)- (X-L) G(X-L)+g(X+L,-g(X-L)I.

The stick distribution above is often a good approximation to the train die-

tribution PWc) discussed in the preceding section. As in App. A, assume P(x) to

be characterized by the three parameters x =O, variance S2 , and upper quartile

x 7 5, (. 2 5 =-x 7 5 ). Requiring that P and its approximation H have the same center

coordinate, variances, and quartiles, we obtain the conditions

S2,82" L2

(B.8) y(' $k)..75,

SH( -,. .25,

where S and x are given in (A.3) and (A.7). Subtracting the last two equations

in (B.8) and using the relation x .25-X.75, we obtain an alternate condition

HII.75 L 'us .75 L ts

Thus, we may express the conditions (B.8) as
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4C-,

SUe2 L 
2

F(x,ii,L)-I(x+y,L)-H(x-y,L).



Appendix C

THE ELLIPTIC COVERAGE FUNCTION

The elliptic coverage function P(Rl,R 2 ;a,b) is defined as the integral of a

circular gaussian distribution of unit variance over the area enclosed by an off-

set ellipse with center at (a,b) and axes R1,R2 in the x and If directions. Thus,

we have

(c. 1) P(R1 ,R2;a,b)=
-JJg(x)g(y)d4d,
Al

where

and

exp (-x2/2).
g(X)_2(X1.

Making the change of variable C-xo, nY, we obtain

FX X Y Al X

i.e., an equivalent definition is the integral of a bivariate gaussian over an

offset ellipse. Similarly, we obtain

i'R '& ,= _ b . r r , -) g/n , .

A2

where

A2 : (x-a) 2+(y-b) 2 !5R2 .

Another definition is the integral of a bivariate gaussian over an offset circle.

Using (C.1), if RI'R 2-R the elliptic coverage function becomes the circular cover-

age function P(R,r), i.e.,
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P(RR;ab)-P(R,• 2;b2)

From Ref. 1, alternate expreasions for P(R,r) are

(C.4) P(R,2) t(0 (r)dz

=RfjXP( ( Z2 1(RX)da,

where I(z) and 11 (z) are Bessel functions of the first kind of imaginary argument.

If a-b-O, the elliptic coverage function ic expressible in terms of the cir-

cular coverage fun ction (Ref. 7). Thus, from Rif. 2, if RI>R 2 , we have

/R1+R2 R1-R2\ /I-R2 Rj+R 2\
(C.S) P(R,R2;o,)P k- V , 2 )-P-% 2 _, 2

For asb, RI*R 2 , the elliptic coverage function has been evaluated by various

computational schemes. Included here is a computational scheme well adapted for

high-speed computers based on an unpublished paper by Oliver Gross at Rand. Using

the definition in (C.1) and converting to polar coordinates, we obtain

(C.6) P(R1,R 2;a,b)4=jSexp( ) d2de,
A3

pco se-a )2+tp sino-b)2 l

(C .7 ) A 3 :(V -R 1 R 2

Consider first the case where the origin is inside the ellipse in (C.7). Then,

we obtain

2tr r(o) 2
(C.8) P(Ri,R2;a,b)-f f Oexp -o de

= j i- 2o

21

0
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where r(O) is the radial distance at angle 6 to the ellipse El obtained from

(C.7) as

:r()Ros0-a ] 2 r(e) sine-b] 2
(c.9 E*L R1 L R2 *

i.e.,

where the integration is around the boundary of the ellipse El given by (C.10).

If the origin is not inside the ellipse in (C.7), P(R1,R2 ;a,b) is given by

(C.11) P(R1 '2;a-b =f 2 ( d-2 2 p exp,

72;,b/ -eI j 0  atO 2r JO21n

where 61 and 02 are the angular extremities of the offset ellipse, r2(6) is the

larger radial distance to the ellipse at angle 6, and r1(e) is the smaller radial

distance, as shown in the diagram below.

4 1/

i.1

I6
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Thus, when we integrate, we obtain

(C.12) P(RI ,R2:a,b)-S [I exp(ii') - e (-r-()j

where r2 (0) is the radial distance to the ellipse E l of (C.9) on the far side from

61 to 02, and r2() is the radial distance to E l on the rear side from 0I to 02.

Thus, we have

102[ (o()' do r,6if do
(C.13) P(R1,R2;a,b)= exp -j-i -+~Iel- exp __)1 d

1 exp 2e

where as in (C.10), the integration is around the boundaries of the ellipse EI in

(C.10). Thus, (C.10) holds for both cases. Let us make the transformation on 0:

" cos6-R I coscyf-a,

(C.14)
r sinOfR 2 siny-b,

so that

r2-(R1 cos p+a)2+(R2 sinq+b)
2 ,

R2 sinyo4b

(C.15) tanO=R cosya'

R1R2+aT? 2 coso+bR1 sinp
do=

r2

Under this transformation, the offset ellipse E l changes Into the unit circle

with center at the origin. Thus, in (C.10) p goes from 0 to 2r, so

(C..16) P(.1 1-2;a,b)=
2

T ex(r2/2)(RR2 +aR2 cosy+>bR1 sinp)dp,
r2



where r is given in (C.15). Thus, the problem of evaluating P(R1,R2;a,b) has

beer reduced to a simple quadrature over the interval (0,217).

Using a trapezoidal type of numerical integration with N intervals over the

range (0,2ni), i.e., intervals of length 2r1/N and the midpoint of the first inter-

val at yo0, we obtain

where

r 2 (qp)-(Rl coscp*a) 2+(R2 sinqp*b) 2 ,

I xpC-p/2) i ~OI
r

(C. 18))

if P<.0011

W(cp)-R 1R2+aR?2 cosc0-bRI sinqf.

The series approximation for Y(p) for p<.001 avoids roundoff errors for p small.

The accuracy is, of course, a function of the number of steps N. For the ratio

of RIR 2 reasonable, i.e., between *and 4, a value of N-80 seems to be sufficient.

For extrepte cases, i.e., a ratio of 1000 to 1, N must be taken much larger.
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Appendix D

USEFUL EXPRESSIONS

We will be using sqveri relations involving the gaussian or normal distribu-

tion G(X) and its density function g(X)-G'(X), i.e.,

(D.1) G(X)Sg(y)dy- X 2exp2

(D.2) 9(y) =x _(_y .

2 7

For completeness, we include these relations as lemmas, together with short

detivations.

Lamia 1. Get A, a, and t be rea, e>Ot>O. Then,

(D.3) 1 a- G !A';-)g t( 

(D.4.): J!A4\J /\dx q(A/Vs .W)
v. .- M a -- t-rO- (;-.t

Proof. Using (D.1), (D.2), and a change in variable, we obtain

2; -e2 21rv

Changing the order of Integration, expanding, and integrating, we obtain

IiA exp (-- AM~ --L " (2 -+t2 ) / e(,,)(az+t2)1;+ /"

Similarly, we have

12" C ox-/ " (":+A) 2 +X2  d, exp(-A 2/2( 2 +t 2 )) /AI4 2 +t 2 \

8 - 2 t 2rJ/- /2,( 2 +t 2 ) r_2_t2
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We not#- that (D.4) can be expressed in a slightly different form:

x(A) dz e A
- +2( 2+t2))

Lemma 2. Let A, B, and e be real, AZB and 8>O. Then,

Proof. Using (D.1) and (D.2) in the expreasion for II, and making a change

in var.able, we obtain

13nJJ exp ( _ 2 -2 _.2_j 22  21we

Changing the order of integration, we have

=A

1'1-j I3CdlEA-B.

Lemm 3. Let A, B, a, b, and t be real, AB, a b, tO. Then,

A
(D.6) JG()dx-AG(A)+g(A),

us( IA+a tB+a\

-(A")G ) -(Bb)4L-()

-(A b) -( +;a G k -F) ]
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Proof. Integrating by parts, we obtain (D.6) immediately:

A
_G()dsAG(A),g(A).

Using (D.6), we obtain

A
(D,8) G, _® ) A+a)G(A19+tgCA+a).

We may express 1 4 in the form

(D.9)' I 'j r_. ( ) t _ _J] t _--. 2kr ot-. ,

and using (D.8) in each of the four integrals in (D.9), we obtain (D.7).

Lemma 4. Let A, L, and t be reaZ and poaitive. Then,

o-A

., [AH lA  L H(E[L !\ .+r , JA_ L% (L I

Proof. In (D.7) of Lemma 3, let A-A, B--A, aL, b--L. Then (D.1O) follows,

since g(x)-g(-x,.

Lema 5. Lt u nd ai be real and 8. and t be real and poeitive for n-1, 2,

... ,N. Then,

(D1) 16-f exp( 2u-) e

9- expi--- exp(-(a)20= ( -; 2 / - 2( 2+ t,2) ,

i:/
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where

1

n ai

i-i ei2

i-I 82n G
2

d2.82 i 182

i1

Proof. When we use the definitions of a, 3, and a2 above, the first expo-

nential under the integral in.the definition of 16 becomes

2-2xCu-)Us 2-2u Ez- (u-a-) 2-2
exp~X 22)iexp ( 22 )exp ( a

\ • 22 2/ \ 282 P

Thus, 16 becomes

P/ 22 _ rx-(u- 322 x 22 d "

(D.12) 16- exp exj exp -

282/ 2s2 / 2t2 2Vfl.r/

Using Lemma 1, we obtain

(D.13) 8 /a~ 2

(D13 6_i_ exp -- expW22t (s +t2T

Len, 6. Let h(xL)=[G( +L)-G(x-1)]/2L. Then if t and 8 are real and posi-

tive,

t ) -X , ,

F where

t =u1 2 +t2.
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Proof.

-, (x-L)/t

Haking appropriate changes in variables and inverting the order of integration,

we obtain

17.2,Lj r (u+__+ gtIN
7 LJ t 1at

Using Lemma 1, we have

L l.+n A h(u/t',Llt')17_0 LL ] 9\ --, y ti -
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